Introduction {#s1}
============

The decision to initiate an early phase clinical trial requires careful evaluation of the benefits and risks of a novel intervention. However, for first-in-human studies for which there is no prior clinical experience, the assessment of potential therapeutic efficacy must rely solely on the preclinical investigations. Although regulatory guidance exists for the conduct of preclinical evaluation of novel therapies ([@bib67]), there is little guidance to help stakeholders summarize and assess the benefit and risks of novel therapies prior to first-in-human studies. As a result, the evidence from individual preclinical studies is often summarized and described in a non-systematic and potentially biased manner ([@bib15]). Here, we present an approach to transparently evaluate preclinical evidence of a therapy prior to its potential clinical translation. Our exemplar is mesenchymal stem cell (MSC) therapy for sepsis.

A selective narrative summary of preclinical evidence has significant limitations because the methods used to identify studies are neither comprehensive nor transparent ([@bib58]). This is of particular concern given that studies replicating high profile experiments fail in up to 50--90% of attempts ([@bib1]; [@bib57]; [@bib66]) and significant publication bias results in a skewed representation of effects ([@bib59]). Further, fewer than 5% of high impact preclinical reports are clinically translated ([@bib8]) and only 11% of clinically tested agents receive licensing ([@bib32]). Thus trialists have based predictions of clinical success of novel therapies on flawed data and an inappropriately highly selected and positive preclinical evidence base ([@bib17]).

Systematic reviews and meta-analyses have become very popular because they can overcome many of these challenges by promoting the transparent evaluation of therapies. Systematic reviews are guided by a protocol with explicit methods to identify, synthesize (which may include meta-analysis), and appraise all investigations pertinent to a particular research question. Similarly, meta-analysis enables pooling of effect sizes across studies and increases statistical power by reducing standard error around the average effect size, providing a more precise estimate of an overall treatment effect ([@bib58]; [@bib6]). Systematic reviews and meta-analyses have long been regarded as essential tools to summarize and evaluate clinical research ([@bib21]) and have become a requisite component of grant applications for clinical trials ([@bib3]); however, the application of these tools to preclinical studies has been limited.

Preclinical systematic reviews may help predict the magnitude and direction of novel therapeutic effects in high stakes first-in-human trials. For example, preclinical systematic reviews of stroke ([@bib25]) and heart failure ([@bib36]) therapies demonstrated that the resulting negative clinical trials could have been predicted had available preclinical evidence been analyzed in a rigorous manner. Thus, thousands of patients may have avoided exposure to potential risk without any benefit ([@bib27]; [@bib62]). Similarly, previous preclinical systematic reviews have demonstrated that failure to report threats to methodological quality (i.e. internal validity, risk of bias) and construct validity (i.e. extent a model corresponds to the human condition it is intended to represent \[[@bib20]\]) influence treatment effect sizes ([@bib9]; [@bib22]; [@bib42], [@bib41]; [@bib56]). Unlike this 'retrospective' approach that has been described in previous studies, a prospective application of preclinical systematic review methodology may help delineate the limits of a therapy prior to first-in-human application.

Our preclinical systematic review was conducted prior to the initiation of a Phase 1/2 clinical trial of immunomodulatory cell therapy (mesenchymal stromal cells, mesenchymal stem cells \[MSCs\], "adult stem cells") for septic shock (NCT02421484). The specific question addressed was: In preclinical in-vivo animal models of sepsis, what is the effect of MSC administration (compared to control treatment) on death? Septic shock is the result of an overwhelming systemic infection; it is one of the most common and acutely devastating health problems in the intensive care unit with a 90-day mortality rate of approximately 20--30% despite modern therapy ([@bib52]; [@bib47]; [@bib65]). It is caused by a maladaptive mismatch between host inflammatory response and pathogenic stimuli which leads to organ failure and death. MSCs are ubiquitous cells ([@bib10]) that support tissue repair and are mobilized under inflammatory conditions ([@bib19]; [@bib55]). Exogenously administered MSCs represent an especially attractive therapeutic for sepsis because they have antibacterial and organ protective effects, in addition to their immune modulatory functions ([@bib69]).

We quantitatively summarized the results of all preclinical studies of MSC therapy for *in vivo* animal models of sepsis to predict effect size and establish an ethical basis for exposing high-risk patients to this novel therapy. This is the first systematic evaluation of a novel biologic therapy prior to initiating a first-in-human trial. We believe our approach serves as a roadmap to transparently evaluate a preclinical therapy prior to its potential clinical translation. This study has been written in an explicatory manner so that other preclinical and translational researchers not familiar with systematic review methodology may replicate our approach. Readers wishing to replicate our approach for their research agendas are directed to the methods section where explanations are provided in greater depth, and encouraged to contact the authors for further guidance.

Results {#s2}
=======

Search results and study characteristics {#s2-1}
----------------------------------------

Our systematic search of MEDLINE, Embase, BIOSIS, and Web of Science yielded 3114 records. Following deduplication and screening, 18 studies were included in the review ([Figure 1](#fig1){ref-type="fig"}). These studies were published over a six year period (2009 to 2015) and corresponded to 20 unique experiments and involved a total of 980 animals ([Table 1](#tbl1){ref-type="table"}) ([@bib2]; [@bib4]; [@bib5]; [@bib16]; [@bib18]; [@bib29]; [@bib33]; [@bib37]; [@bib38]; [@bib40]; [@bib44]; [@bib49]; [@bib53]; [@bib61]; [@bib70]; [@bib72], [@bib71]; [@bib73]). Six authors were contacted for additional information and all replied.10.7554/eLife.17850.003Figure 1.Preferred reporting items for systematic reviews and meta-analysis (PRISMA) flow diagram for study selection.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.003](10.7554/eLife.17850.003)10.7554/eLife.17850.004Table 1.General characteristics of preclinical studies investigating the efficacy of mesenchymal stromal cells in models of sepsis.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.004](10.7554/eLife.17850.004)Author year\
CountrySpecies,\
Strain,\
GenderSepsis modelResuscitationMSC source,\
CompatibilityMSC\
DoseTime (hours)\*MSC routeControl[@bib16]A\
SpainMouse\
BALB/c, NRCLP\
(1 × 22 G)NoneAdipose\
Xenogenic or Allogeneic1.0 × 10^6^4IPDMEM[@bib16]B\
SpainMouse\
BALB/c, NRLPS\
(i.p.)NoneAdipose\
Xenogenic1.0 x 10^6^ or3.0 x 10^5^0.5IPDMEM[@bib49]\
United StatesMouse C57BL/6, MCLP\
(2 × 21 G)Fluid and antibioticsBone marrow\
Allogeneic1.0 × 10^6^0 or 1IVPBS or\
Fibroblast[@bib2]\
ChinaMouse\
C57BL/6, NRCLP\
(2 × 21 G)NoneBone marrow\
Xenogenic1.0 × 10^6^1 1IVPBS[@bib44]A\
CanadaMouse C57BL/6J, FCLP\
(1 × 22 G)FluidBone marrow\
Syngeneic2.5 × 10^5^6IVNS[@bib44]B\
CanadaMouse C57BL/6J, FCLP\
(1 × 18 G)Fluid and\
antibioticsBone marrow\
Syngeneic2.5 × 10^5^6IVNS[@bib38]\
ChinaRat\
Wistar, FLPS\
(i.v.)NoneBone marrow\
Syngeneic1.0 × 10^6^2IVNS[@bib4]\
ChinaRat\
SPD, MCLP\
(2 × 18 G)NoneAdipose\
Autologous3 × 1.2 × 10^6^0.5, 6 then 18IPNS[@bib33], USAMouse C57BL/6J, M*P. aeruginosa*\
(i.p.)NoneBone marrow\
Xenogenic1.0 × 10^6^1IVPBS\
Fibroblast[@bib37]\
ChinaRat\
SPD, MLPS\
(i.p.)NoneUmbilical cord\
Xenogenic5.0 × 10^5^1IVNS or\
Fibroblast[@bib18]\
USAMouse\
BALB/c, MCLP\
(2 × 21 G)NoneBone marrow\
Syngeneic1 × 5.0× 10^5^\
+ 2× 2.5 × 10^5^2 then\
24 then 48IVPBS or\
Fibroblast[@bib72]\
ChinaRat\
SPD, FLPS\
(i.v.)NoneBone marrow\
Syngeneic2.5 ×10^6^2IVNS[@bib5]\
TaiwanRat\
Wistar, MCLP\
(1 × 18 G)NoneBone Marrow or\
Umbilical Cord Xenogenic5.0 × 10^6^4IVPBS[@bib29]\
CanadaMouse C57BL/6, MSEB+\
(i.p)NoneBone marrow\
Syngeneic2.5 × 10^5^3IVPBS[@bib40]\
ChinaMouse C57Bl/6, MCLP\
(2 × 21 G)FluidBone marrow\
Syngeneic1.0 × 10^6^3IVNS[@bib53]\
BrazilMouse C57BL/6, M*E. coli*\
(i.p.)NoneAdipose\
Syngeneic1.0 × 10^6^0IVPBS[@bib61]\
SpainMouse\
BALB/c, MLPS\
(i.p.)NoneBone Marrow\
Xenogenic1.0 × 10^6^0.5IPPBS[@bib71]\
ChinaMouse C57BL/6, MCLP\
(NR)NoneUmbilical cord\
Xenogenic1.0 × 10^6^1IVNS[@bib73]\
ChinaMouse\
NOD SCID, MLPS+\
(i.p.)NoneUmbilical Cord\
Xenogenic2.0 × 10^6^6IVNo treatment[@bib70]\
ChinaMouse\
NOD SCID, MLPS+\
(i.p.)NoneUmbilical cord\
Xenogenic5.0 × 10^5^0IVDMEM[^1]

All experiments used rodents, and most were mice (80%). Several methods were used to establish sepsis or sepsis-like pathophysiology, including cecal-ligation and puncture (50%), live bacterial injection (10%), and bacterial component injection (40%). Tissue sources of MSCs included bone marrow (60%), adipose tissue (20%), and umbilical cord (20%). Similarly, immunological compatibility between donor MSCs and recipients varied between xenogenic (50%), syngeneic (40%), allogeneic (5%) and autologous (5%). Two of ten experiments with xenogenic cells used immunocompromised mice, while the remainder used immunocompetent mice. Total doses of MSCs ranged from 2.5 × 10^5^ to 5.0 × 10^6^ and most studies administered cells as a single dose (90%) either intravenously (80%) or intraperitoneally (20%). MSC therapy was initiated between 0 to 6 hr after experimental induction of the disease state.

Effect of MSCs on sepsis mortality in rodents {#s2-2}
---------------------------------------------

MSC therapy in preclinical models of sepsis significantly reduced the overall odds of death (odds ratio (OR) 0.27, 95% confidence interval (CI) 0.18--0.40 ([Figure 2](#fig2){ref-type="fig"}). Since it is important to consider the consistency of results between studies, we calculated the *I^2^* test, which demonstrated a low degree of heterogeneity across studies (*I^2^* = 33%). The reduction in mortality was maintained regardless of when death occurred, whether considering deaths before two days after induction of sepsis (OR 0.31, 95% CI 0.21--0.46), between two and four days (OR 0.20, 95% CI 0.11--0.38), or more than four days (OR 0.18, 95% CI 0.11--0.32) ([Figure 3](#fig3){ref-type="fig"}).10.7554/eLife.17850.005Figure 2.Forest plot summarizing effects of mesenchymal stromal cell (MSC) therapy on mortality in preclinical models of sepsis and endotoxemia.Point estimates (odds ratio) and 95% confidence intervals (CI) are depicted for individual studies; size of point estimate depicts relative contribution to pooled effect. A pooled meta-analytic summary (random effects model) of overall effect of MSC therapy on mortality is depicted by the diamond at the bottom of the plot (vertical points represent odds ratio point estimate and horizontal points represent 95% CIs). Heterogeneity is represented with the *I^2^* statistic. Data from [@bib53] was included in total counts but not included in meta-analysis due to 100% mortality in both study arms.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.005](10.7554/eLife.17850.005)10.7554/eLife.17850.006Figure 2---figure supplement 1.Forest plot summarizing relationship of compatibility of donor mesenchymal stromal cell (MSC) with recipient animal (xenogenic vs syngeneic vs allogeneic vs autologous) on mortality in preclinical models of sepsis and endotoxemia.Point estimates (odds ratio) and 95% confidence intervals (CI) are depicted for individual studies; size of point estimate depicts relative contribution to pooled effect. A pooled meta-analytic summary (random effects model) of overall effect is depicted by the diamond at the bottom of each subgroup (vertical points represent odds ratio point estimate and horizontal points represent 95% CIs). Heterogeneity is represented with the *I*^*2* ^statistic. Data from Pedrazza et al 2014 was included in total counts but not included in meta-analysis due to 100% mortality in both study arms.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.006](10.7554/eLife.17850.006)10.7554/eLife.17850.007Figure 2---figure supplement 2.Forest plot summarizing relationship of mesenchymal stromal cell (MSC) dose on mortality in preclinical models of sepsis and endotoxemia.Point estimates (odds ratio) and 95% confidence intervals (CI) are depicted for individual studies; size of point estimate depicts relative contribution to pooled effect. A pooled meta-analytic summary (random effects model) of overall effect is depicted by the diamond at the bottom of each subgroup (vertical points represent odds ratio point estimate and horizontal points represent 95% CIs). Heterogeneity is represented with the *I*^*2* ^statistic. Data from Pedrazza et al 2014 was included in total counts but not included in meta-analysis due to 100% mortality in both study arms.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.007](10.7554/eLife.17850.007)10.7554/eLife.17850.008Figure 2---figure supplement 3.Forest plot summarizing relationship of mesenchymal stromal cell (MSC) therapy timing of administration on mortality in preclinical models of sepsis and endotoxemia.Point estimates (odds ratio) and 95% confidence intervals (CI) are depicted for individual studies; size of point estimate depicts relative contribution to pooled effect. A pooled meta-analytic summary (random effects model) of overall effect is depicted by the diamond at the bottom of each subgroup (vertical points represent odds ratio point estimate and horizontal points represent 95% CIs). Heterogeneity is represented with the *I*^*2* ^statistic. Data from Pedrazza et al 2014 was included in total counts but not included in meta-analysis due to 100% mortality in both study arms.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.008](10.7554/eLife.17850.008)10.7554/eLife.17850.009Figure 2---figure supplement 4.Forest plot summarizing relationship of mesenchymal stromal cell (MSC) administration route (intravenous vs intraperitoneal) on mortality in preclinical models of sepsis and endotoxemia.Point estimates (odds ratio) and 95% confidence intervals (CI) are depicted for individual studies; size of point estimate depicts relative contribution to pooled effect. A pooled meta-analytic summary (random effects model) of overall effect is depicted by the diamond at the bottom of each subgroup (vertical points represent odds ratio point estimate and horizontal points represent 95% CIs). Heterogeneity is represented with the *I*^*2* ^statistic. Data from Pedrazza et al 2014 was included in total counts but not included in meta-analysis due to 100% mortality in both study arms.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.009](10.7554/eLife.17850.009)10.7554/eLife.17850.010Figure 2---figure supplement 5.Forest plot summarizing relationship of mesenchymal stromal cell (MSC) tissue source (adipose vs bone marrow vs umbilical cord tissue) on mortality in preclinical models of sepsis and endotoxemia.Point estimates (odds ratio) and 95% confidence intervals (CI) are depicted for individual studies; size of point estimate depicts relative contribution to pooled effect. A pooled meta-analytic summary (random effects model) of overall effect is depicted by the diamond at the bottom of each subgroup (vertical points represent odds ratio point estimate and horizontal points represent 95% CIs). Heterogeneity is represented with the *I*^*2* ^statistic. Data from Pedrazza et al 2014 was included in total counts but not included in meta-analysis due to 100% mortality in both study arms.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.010](10.7554/eLife.17850.010)10.7554/eLife.17850.011Figure 2---figure supplement 6.Forest plot summarizing relationship of animal species (rat vs mouse) on mortality in preclinical models of sepsis and endotoxemia treated with mesenchymal stromal cells (MSCs).Point estimates (odds ratio) and 95% confidence intervals (CI) are depicted for individual studies; size of point estimate depicts relative contribution to pooled effect. A pooled meta-analytic summary (random effects model) of overall effect is depicted by the diamond at the bottom of each subgroup (vertical points represent odds ratio point estimate and horizontal points represent 95% CIs). Heterogeneity is represented with the *I*^*2* ^statistic. Data from Pedrazza et al 2014 was included in total counts but not included in meta-analysis due to 100% mortality in both study arms.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.011](10.7554/eLife.17850.011)10.7554/eLife.17850.012Figure 2---figure supplement 7.Forest plot summarizing relationship of animal sex (male vs female vs unreported) on mortality in preclinical models of sepsis and endotoxemia treated with mesenchymal stromal cells (MSCs).Point estimates (odds ratio) and 95% confidence intervals (CI) are depicted for individual studies; size of point estimate depicts relative contribution to pooled effect. A pooled meta-analytic summary (random effects model) of overall effect is depicted by the diamond at the bottom of each subgroup (vertical points represent odds ratio point estimate and horizontal points represent 95% CIs). Heterogeneity is represented with the* I*^*2* ^statistic. Data from Pedrazza et al 2014 was included in total counts but not included in meta-analysis due to 100% mortality in both study arms.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.012](10.7554/eLife.17850.012)10.7554/eLife.17850.013Figure 2---figure supplement 8.Forest plot summarizing relationship of preclinical models of sepsis and endotoxemia (cecal ligation and puncture vs live bacteria administration vs bacterial product such as lipopolysaccharide) on mortality following treatment with mesenchymal stromal cells (MSCs).Point estimates (odds ratio) and 95% confidence intervals (CI) are depicted for individual studies; size of point estimate depicts relative contribution to pooled effect. A pooled meta-analytic summary (random effects model) of overall effect is depicted by the diamond at the bottom of each subgroup (vertical points represent odds ratio point estimate and horizontal points represent 95% CIs). Heterogeneity is represented with the* I*^*2* ^statistic. Data from Pedrazza et al 2014 was included in total counts but not included in meta-analysis due to 100% mortality in both study arms.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.013](10.7554/eLife.17850.013)10.7554/eLife.17850.014Figure 2---figure supplement 9.Forest plot summarizing relationship of resuscitation (fluids +/- antibiotics vs no resuscitation) on mortality in preclinical models of sepsis and endotoxemia treated with mesenchymal stromal cells (MSCs).Point estimates (odds ratio) and 95% confidence intervals (CI) are depicted for individual studies; size of point estimate depicts relative contribution to pooled effect. A pooled meta-analytic summary (random effects model) of overall effect is depicted by the diamond at the bottom of each subgroup (vertical points represent odds ratio point estimate and horizontal points represent 95% CIs). Heterogeneity is represented with the *I*^*2* ^statistic. Data from Pedrazza et al 2014 was included in total counts but not included in meta-analysis due to 100% mortality in both study arms.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.014](10.7554/eLife.17850.014)10.7554/eLife.17850.015Figure 2---figure supplement 10.Forest plot summarizing relationship of comparison (control) treatment on mortality in preclinical models of sepsis and endotoxemia treated with mesenchymal stromal cells (MSCs).Point estimates (odds ratio) and 95% confidence intervals (CI) are depicted for individual studies; size of point estimate depicts relative contribution to pooled effect. A pooled meta-analytic summary (random effects model) of overall effect is depicted by the diamond at the bottom of each subgroup (vertical points represent odds ratio point estimate and horizontal points represent 95% CIs). Heterogeneity is represented with the *I*^*2* ^statistic. Data from Pedrazza et al 2014 was included in total counts but not included in meta-analysis due to 100% mortality in both study arms.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.015](10.7554/eLife.17850.015)10.7554/eLife.17850.016Figure 2---figure supplement 11.Forest plot summarizing relationship of adherence to elements of construct validity on mortality in preclinical models of sepsis and endotoxemia treated with mesenchymal stromal cells (MSCs).Subgroups are studies that adhered to a majority of elements suggested to increase construct validity (≥5 of 8; see text for details of elements) vs those that did not adhere to majority. Point estimates (odds ratio) and 95% confidence intervals (CI) are depicted for individual studies; size of point estimate depicts relative contribution to pooled effect. A pooled meta-analytic summary (random effects model) of overall effect is depicted by the diamond at the bottom of each subgroup (vertical points represent odds ratio point estimate and horizontal points represent 95% CIs). Heterogeneity is represented with the* I*^*2* ^statistic. Data from Pedrazza et al 2014 was included in total counts but not included in meta-analysis due to 100% mortality in both study arms.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.016](10.7554/eLife.17850.016)10.7554/eLife.17850.017Figure 3.Forest plot summarizing relationship of mesenchymal stromal cell (MSC) therapy on mortality over time in preclinical models of sepsis and endotoxemia (outcome windows: ≤2 days, \>2 to ≤ 4 days, \> 4 days).Point estimates (odds ratio) and 95% confidence intervals (CI) are depicted for individual studies; size of point estimate depicts relative contribution to pooled effect. A pooled meta-analytic summary (random effects model) of overall effect of MSC therapy on mortality is depicted by the diamond at the bottom of each time interval (vertical points represent odds ratio point estimate and horizontal points represent 95% CIs). Heterogeneity is represented with the *I^2^* statistic. Data from [@bib53] was included in total counts but not included in meta-analysis due to 100% mortality in both study arms.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.017](10.7554/eLife.17850.017)

Assessment of threats to external validity/generalizability {#s2-3}
-----------------------------------------------------------

The effects of therapies may not be sustained under varied experimental conditions, so we evaluated the generalizability and replicability of results by analyzing efficacy in pre-specified sub-groups. Heterogeneity (i.e. *I^2^* statistic) was low to moderate unless otherwise stated. Similar efficacy was noted regardless of the compatibility of donor MSCs with recipient animal (syngeneic vs. allogeneic vs. xenogenic, [Figure 2---figure supplement 1](#fig2s1){ref-type="fig"}), dose of MSC (\<1.0 × 10^6^ cells vs. ≥1.0 × 10^6^ cells, [Figure 2---figure supplement 2](#fig2s2){ref-type="fig"}), and timing of a single dose of MSCs (less than or equal to 1 hr vs. 1--6 hr after disease induction, [Figure 2---figure supplement 3](#fig2s3){ref-type="fig"}). Intravenous administration of MSCs demonstrated efficacy (OR 0.28, 95% CI 0.20--0.40); whereas intraperitoneal administration of MSCs did not have a statistically significant effect (OR 0.21, 95% CI 0.02--1.89; [Figure 2---figure supplement 4](#fig2s4){ref-type="fig"}) and had high heterogeneity (*I^2^* = 78%), suggesting a high degree of inter-study variability. Significant effects were seen using MSCs derived from bone marrow (OR 0.13, 95% CI 0.05--0.35) and umbilical cord (OR 0.30, 95% CI 0.21--0.43; [Figure 2---figure supplement 5](#fig2s5){ref-type="fig"}), but the MSCs derived from adipose tissue did not demonstrate statistically significant efficacy (OR 0.35, 95% CI 0.03--4.39, *I^2^* = 79%). Two studies administered multiple doses of MSCs, with one demonstrating benefit and the other having no statistically significant effect. The multiple dose study with no effect was also the only investigation of autologous cells ([@bib4]).

MSCs administered to mice were effective (OR 0.23, 95% CI 0.15--0.36) however MSC administration to rats did not produce a statistically significant effect (OR 0.47, 95% CI 0.18--1.21; [Figure 2---figure supplement 6](#fig2s6){ref-type="fig"}). Neither the sex of the diseased animal nor the model used (cecal ligation and puncture vs. live bacterial injection vs. lipopolysaccharide or other bacterial product) influenced efficacy ([Figure 2---figure supplements 7](#fig2s7){ref-type="fig"} and [8](#fig2s8){ref-type="fig"}). The addition of resuscitation (fluids or antibiotics, which are current clinical standards of therapy) did not influence the protective effect of MSCs ([Figure 2---figure supplement 9](#fig2s9){ref-type="fig"}). The comparator control group (phosphate buffered saline vs. fibroblast vs. normal saline vs. medium) had no effect; but, the one study that did not administer vehicle to the control animals did not demonstrate a statistically significant effect of MSC therapy ([@bib73]) ([Figure 2---figure supplement 10](#fig2s10){ref-type="fig"}).

Assessment of threats to internal validity (methodological quality/risk of bias) {#s2-4}
--------------------------------------------------------------------------------

Practices such as blinding and randomization are known to affect the magnitude of effect in both clinical and preclinical studies. To determine if these threats to internal validity influenced our findings, we evaluated the risk of bias of included studies ([Table 2](#tbl2){ref-type="table"}). None of the experiments were considered low risk of bias across all six domains of methodological quality. Forty-five percent of experiments reported that the animals were randomized, none described methods of sequence generation or how allocation concealment was achieved. Similarly, no studies described blinding of personnel performing the experiments. One study did not blind assessors for the outcome of mortality, which may be of concern given that surrogate endpoints (i.e. not true death due to animal welfare concerns) were assessed ([@bib29]); the remaining studies were assessed as 'unclear' as insufficient details of outcome assessment were reported. An assessment of high risk of bias for incomplete outcome data occurred in 10% of studies (examined as consistent *n* values reported from methods to results); in 65% of experiments the numbers (*n)* were not presented in both the methods and results in sufficient detail to permit judgment. No studies reported an appropriate rationale for selection of study sample size (where appropriate rationale included a correctly calculated sample size, [Table 3](#tbl3){ref-type="table"}). Given the paucity of studies that adequately implemented and reported internal validity practices, an analysis to determine the effects of high vs. low risk of bias on the effect size was not feasible.10.7554/eLife.17850.018Table 2.Risk of bias assessment of preclinical studies investigating the efficacy of mesenchymal stromal cells in models of sepsis.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.018](10.7554/eLife.17850.018)StudyRandomizationAllocation concealmentBlinding of personnelBlinding of outcome assessmentIncomplete outcome dataSelective outcome reporting[@bib16]UUUULL[@bib49]UUUULL[@bib2]UUUUHL[@bib44]UUUULL[@bib38]UUUUUL[@bib4]UUUUUL[@bib33]UUUUUL[@bib37]UUUUUL[@bib18]UUUUUL[@bib72]UUUUUL[@bib5]UUUUUL[@bib29]UUUHUL[@bib40]UUUUUL[@bib53]UUUUUL[@bib61]UUUUUL[@bib71]UUUUUL[@bib73]UUUUHL[@bib70]UUUUUL[^2][^3][^4][^5]10.7554/eLife.17850.019Table 3.Risk of bias assessment (other domains) of preclinical studies investigating the efficacy of mesenchymal stromal cells in models of sepsis.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.019](10.7554/eLife.17850.019)StudyBaseline characteristics^\*^Random housing^\*^Source of fundingConflict of interestSample size calculation[@bib16]UUHHU[@bib49]UULUU[@bib2]UULUU[@bib44]UUHHU[@bib38]UULUU[@bib4]UULLH[@bib33]UULLU[@bib37]UULLU[@bib18]UULLU[@bib72]UULLU[@bib5]UULLU[@bib29]UULLU[@bib40]UULLU[@bib53]UULLU[@bib61]UULLU[@bib71]UULLU[@bib73]UULLU[@bib70]UULLU[^6][^7][^8][^9][^10][^11][^12]

Assessment of threats to construct validity {#s2-5}
-------------------------------------------

It has been suggested that failed preclinical to clinical translation may be related to a mismatch between experimental conditions and the clinical disease the model is intended to represent (i.e. construct validity) ([@bib20]; [@bib30]). To evaluate clinical generalizability of the experimental conditions used, we performed a formal evaluation of construct validity using an eight item index that had been developed in a systematic review of preclinical sepsis ([Table 4](#tbl4){ref-type="table"}) ([@bib34]). None of the experiments used large animal models. Two experiments (10%) used animals with comorbidities (both used immunodeficient mice), 40% of experiments used adult animal models (40% did not report animal age), and 50% used infectious models of sepsis. 90% of studies initiated MSC therapy after the induction of the disease (as opposed to at the time of disease induction) but none documented severity of the disease state prior to initiating MSC therapy. Four studies used fluid resuscitation while two of these studies also administered antibiotics. Two studies incorporated a majority of construct validity elements (i.e. at least five of eight elements); there was no difference in effect size between these studies (OR 0.18, 95% CI 0.08--0.42) and those studies that incorporated fewer elements (OR 0.28, 95% CI 0.17--0.44) ([Figure 2---figure supplement 11](#fig2s11){ref-type="fig"}).10.7554/eLife.17850.020Table 4.Construct validity assessment of preclinical studies investigating the efficacy of mesenchymal stromal cells in models of sepsis.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.020](10.7554/eLife.17850.020)StudyLarge animal modelAdult animal modelComorbiditiesInfectious model of sepsisTherapy initiated after sepsis inductionDocumented sepsis severity prior to initiating treatmen**t**Resuscitation included antibioticsResuscitation included fluids[@bib16]ANNNYYNNN[@bib16]BNNNNYNNN[@bib49]NYNYYNYY[@bib2]NUNYYNNN[@bib44]ANYNYYNNY[@bib44]BNYNYYNYY[@bib38]NUNNYNNN[@bib4]NUNYYNNN[@bib33]NYNYYNNN[@bib37]NUNNYNNN[@bib18]NUNYYNNN[@bib72]NYNNYNNN[@bib5]NUNYYNNN[@bib29]NYNNYNNN[@bib40]NUNYYNNY[@bib53]NYNYNNNN[@bib61]NYNNYNNN[@bib71]NUNYYNNN[@bib73]NNYNYNNN[@bib70]NNYNNNNN[^13][^14][^15][^16][^17][^18][^19][^20]

Evidence of publication bias {#s2-6}
----------------------------

For the 20 experiments, 50% demonstrated statistically significant beneficial effects of MSCs with a median sample size of 19 animals per group. Visual inspection of a funnel plot analysis of all experiments suggested that publication bias exists ([Figure 4](#fig4){ref-type="fig"}), which was confirmed by Egger regression (p=0.019). Post-hoc trim and fill analysis suggested a relative overestimation of effect size of 27%, although MSCs remained associated with a statistically significant reduction in mortality after adjustment (OR 0.34, 95% CI 0.22--0.52).10.7554/eLife.17850.021Figure 4.Funnel plot to detect publication bias.Trim and fill analysis was performed on overall mortality. Open circles denote original data, black circles denote 'filled' studies. Open diamond denotes original pooled effect size (log odds ratio) and 95% confidence interval. Filled diamond represents adjusted effect size and 95% confidence interval.**DOI:** [http://dx.doi.org/10.7554/eLife.17850.021](10.7554/eLife.17850.021)

Discussion {#s3}
==========

Preclinical studies provide necessary justification to conduct a first-in-human clinical trial. Thus, a systematic review approach offers an attractive method to comprehensively synthesize the totality of available evidence. Our systematic review demonstrates that MSC therapy reduces the odds of death in preclinical animal sepsis models. This effect is maintained over a range of time periods (less than two days, between two to four days, and longer than four days). These early outcome windows capture the majority of deaths that occur in these acute models. Moreover, the effect sizes are robustly maintained (replicated) over a variety of experimental conditions, varying models, and differing MSC immunologic compatibility (e.g. allogeneic vs. syngeneic).

It has been suggested that individual study findings have low probability of being 'true' ([@bib26]), however by aggregating results of similar experiments the positive predictive value of a finding dramatically increases ([@bib46]). Thus, the findings of this systematic review helped support our decision to initiate a Phase 1/2 trial to evaluate the safety of MSC therapy in human patients with septic shock (NCT02421484). We believe our approach of systematically reviewing preclinical evidence is widely applicable for researchers considering first-in-human studies. Although our synthesis suggests MSC treatment of sepsis may be beneficial these results are tempered by the presence of potential threats to validity.

Our preclinical systematic review evaluated internal, external, and construct validity of the data. Methodological weaknesses (i.e. poor internal validity) in clinical trials are associated with an exaggeration of the treatment effect. Similarly, in preclinical studies, failure to address selection bias (through methods such as randomization and allocation concealment) and detection bias (through blinded outcome assessment) results in significantly increased effect sizes ([@bib9]; [@bib22]; [@bib56]). The significance of selection and detection bias has been acknowledged by The National Institutes of Health's recently issued guidelines for reporting preclinical research. These guidelines have specifically proposed randomization, blinding, and sample size calculations as key methodological information that must be described in preclinical reports ([@bib48]; [@bib35]). In our review, none of the included studies reported randomization or allocation concealment in a manner that could be considered at low risk of bias. Similarly, no studies reported appropriate *a priori* defined sample sizes. Most of these items were judged as 'unclear' in our risk of bias evaluation due to the convention to judge unreported items as 'unclear' rather than 'high risk'. We speculate that many of these 'unclear' items were not performed (i.e. they were 'high risk') due to a general lack of training of basic scientists in methods to reduce risk of bias ([@bib35]; [@bib7]). This lack of reporting precluded an evaluation of their efforts and points to the need to improve the methodology used in preclinical investigations.

To address external validity (i.e. generalizability) we performed a number of subgroup analyses. Overall, subgroup analyses suggested that MSC effects appeared to be robust over a number of varying experimental conditions and across a number of different laboratories. Results of specific subgroups (e.g. autologous cells, multiple doses, intraperitoneal administration, and adipose tissue source) should be interpreted cautiously as few studies were included in these groups, and the results of one study with differing results ([@bib4]) may have skewed data. The ability of one study to heavily influence overall effect estimates is a short-coming of meta-analyses that include few studies. As such, these subgroup analyses should be treated as exploratory.

Despite the large effect sizes noted, one must bear in mind the potential effect of publication bias (i.e. bias due to the publication of only positive studies). Our funnel plot demonstrated a highly asymmetrical pattern and our trim and fill analysis indicated that a number of unpublished negative studies may exist. This is in keeping with previous analyses of preclinical stroke data that suggested up to one in six animal studies in that field were unreported and unpublished. ([@bib59]) Our inability to analyze these potential studies may have led to an overstatement of effect size.

To evaluate the potential clinical applicability of these results, we examined the construct validity of included studies. This was determined using recommendations that had been developed to improve the clinical generalizability of preclinical sepsis studies ([@bib34]). Animal sepsis models may not be representative of human sepsis because of the timing and severity of sepsis induction, the dose and timing of the treatment in relation to sepsis induction, the use of small/young animals without comorbid illnesses, and lack of administration of standard of care co-interventions such as fluids and antibiotics during the study period. How well animal models of sepsis mimic the pathophysiology of human sepsis has also been a contentious issue ([@bib14]; [@bib50]; [@bib60]). Only two studies incorporated a majority of elements addressing construct validity, thus the effect of construct validity on MSC therapy of sepsis remains to be determined.

There are a number of other issues of note that may impact the translation of MSC therapy to the clinical setting. First, although we did not formally evaluate characterization of cell products, this was variably reported in the included studies. Differences in the quality of cell therapeutics may have accounted for some of the heterogeneity of results observed. Second, dosing of cell products was not equivalent between species, even after adjusting for total cells given. Equivalence dosing of drugs between species is a complex issue and the FDA has endorsed conversion based on body surface area, rather than a dose per weight basis. ([@bib54]) Applying this guidance, 1 million cells in a mouse may be equivalent to 0.5 million in a rat; similarly, this dose in a human would be roughly equivalent to 3 million cells/kg. These equivalencies should be interpreted cautiously given the differences between typical drug therapies and the cellular therapy evaluated in our review. Third, the severity of disease in these animal models at the time of MSC administration is unclear. Based on our experience with endotoxemia and cecal-ligation and puncture models, at 1 hr after disease induction some symptoms may be apparent and after 6 hr most animals have both biochemical and physiological evidence of inflammation and organ-dysfunction. Thus, we performed a subgroup analysis based on timing of administration \<1 hr, \>1--6 hr, \>6 hr as a rough correlate to early and more delayed (intermediate and late) administration of cells in an attempt to simulate the delays in treatment that may be seen in humans who present with severe infection. Of note, no study administered cells at a late time point. A clearer reporting of disease severity at time of cell administration may allow a more precise analysis of when these cells are more (or less) efficacious. A fourth issue is the lack of transparent reporting of risk of bias elements that minimize the ability to evaluate threats to validity in our systematic review. We would suggest that general poor understanding of these core methodological issues may underlie their incomplete reporting. In order to increase the robustness and interpretation of future preclinical systematic review results we submit that authors of primary studies and journal editors should ensure adherence to published reporting guidelines for pre-clinical research studies ([@bib48]; [@bib28]). These guidelines not only detail items relating to risk of bias (e.g. randomization and blinding) but also touch on issues that are very important when primary studies are included in systematic reviews (e.g. differentiating between biological and technical replicates, providing exact *n* numbers).

The strengths of our systematic review are in the transparent and thorough literature search and an attempt to examine potential for translation by evaluating threats to validity. To date, three clinical trials have been initiated following a systematic review and meta-analysis of animal data ([@bib43]; [@bib68]); all have repurposed currently used interventions for neurological conditions and are currently recruiting (NCT01833312, NCT01910259, ISRCTN83290762). To the best of our knowledge ours is the first preclinical systematic review that has evaluated a novel biological therapeutic in preparation for a high risk first-in-human clinical trial.

The limitations of our review should be noted. First, we restricted our search to unmodified MSCs since our group was only considering a clinical trial of unmodified cells for sepsis. Although modified cells may be of clinical interest, there are a number of additional regulatory, ethical, and safety issues which significantly increase the complexity of clinical trials using these cells; this is an issue that members of our group have experienced first-hand (NCT00936819). Other limitations of our review relate to the potential methodological limitations of the included studies. None of the included studies were considered low risk of bias across all domains, and their construct validity was highly variable. It is unclear what the influence of these methodological limitations might be in this particular study due to our inability to perform meaningful subgroup analyses. Our evaluation of the methodological aspects of included studies also relied on what the authors reported, and this may have been incomplete in cases. We would suggest however, that similar to other fields, the failure to address threats to internal validity likely contributes to an exaggerated effect size.

Despite the stated limitations of this review, the consistency of the results across the included studies and the large effect size suggest that MSCs reduce the odds of death in preclinical models of sepsis. Moreover, there are a number of studies that have demonstrated biological mechanisms that may underlie the benefits of MSCs in sepsis, including antibacterial, anti-inflammatory, and trophic effects ([@bib63]). These mechanisms do not require engraftment and have been demonstrated to work over thousands of molecular pathways that include improved cellular energetics and activation of macrophages ([@bib13]). Given the results of our review along with this biological plausibility, our group gained the support of regulatory agencies, ethics boards, and other stakeholders to proceed to a first-in-human clinical trial. Nonetheless, our efforts to translate this therapy into a clinical trial were tempered by the limitations of the preclinical studies performed to date. If this support was not provided, alternative methods to address efficacy of MSC therapy for sepsis could include conducting a low risk of bias 'confirmatory' preclinical study that was informed by the results of this systematic review ([@bib31]), or performing a multicenter preclinical study ([@bib39]). Ultimately, ongoing and future clinical evaluations will determine whether the therapeutic effects of MSCs will translate to the human patient population.

Materials and methods {#s4}
=====================

The methods section has been written completely and transparently for researchers unfamiliar with systematic review and meta-analysis methodology. We would encourage readers wishing to replicate our approach for their own research agendas to refer to available resources ([@bib58]; [@bib21]) and/or our group for further guidance.

Review question and protocol {#s4-1}
----------------------------

The research question for this review was, "In preclinical in-vivo animal models of sepsis, what is the effect of MSC therapy (compared to control treatment) on death?" The protocol for this review was published on the Collaborative Approach to Meta Analysis and Review of Animal Data from Experimental Studies (CAMARADES) website (<http://www.dcn.ed.ac.uk/camarades/research.html#protocols>) and also the University of Ottawa's Open Access Research Institutional Repository (<http://hdl.handle.net/10393/32833>). *A priori* publication of our protocol encourages transparency in the systematic review process and safeguards against reporting biases in the review. This review is reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) Statement ([@bib45]). The PRISMA guidelines are an evidence-based minimum set of items that should be reported in a systematic review and meta-analysis. Similar to other reporting guidelines, PRISMA ensures complete and transparent reporting of a study.

Inclusion and exclusion criteria {#s4-2}
--------------------------------

We included all pre-clinical in vivo studies of sepsis and endotoxemia that investigated treatment with mesenchymal stromal cells. MSCs must have been administered during or after experimental induction of sepsis. Since our group was considering a clinical trial of unmodified MSCs, studies were excluded if the MSCs were differentiated, altered, or engineered to over or under express particular genes. Neonatal animal models were excluded, as were models of acute lung injury. Finally, studies where MSCs were administered with another experimental therapy or cell type were excluded.

Literature search {#s4-3}
-----------------

To identify all relevant studies, we designed a search strategy in collaboration with a medical information specialist. We would suggest readers consult a medical librarian experienced in systematic searches if they wish to perform a literature search for a preclinical systematic review; this will ensure a comprehensive search is conducted. Although MSC terminology has been codified ([@bib12]) non-standard terms continue to be used in the literature, thus a number of MSC related terms were used in the search strategy. Validated animal filters were applied to increase relevancy ([@bib11]; [@bib24]); post-hoc, an inadvertent truncation was noted in the application of these filters, thus an updated search was performed to include the complete filters. We searched Ovid MEDLINE In-Process and Other Non-Indexed Citations, Embase Classic+Embase, BIOSIS and Web of Science (using Web of Knowledge) from inception until May 2015. The full search strategy is listed in the Appendix. Additional references were also sought through hand-searching the bibliographies of reviews and included primary studies.

Screening {#s4-4}
---------

Studies were independently screened by two reviewers, with consensus required for articles to proceed to either the next screening stage or to the final analysis. Disagreements were resolved by discussion or by consultation with a senior team member when necessary.

Data extraction {#s4-5}
---------------

Data was extracted on the general characteristics of the study (e.g. study design, country of origin, sample size), animal model (e.g. disease induction method, use of resuscitation), and mesenchymal stromal cells (e.g. condition and source of cells). Data was collected for the primary outcome of overall mortality. Mortality was further stratified by time: ≤ 2 days, \> 2--≤ 4 days, and \> 4 days. If multiple measurements were reported within a period, the latest measurement within the period was used. Data in graphical format was extracted using open source software (Engauge Digitizer, [github.com](https://github.com/); <http://markummitchell.github.io/engauge-digitizer/>). Extracted data were verified by a second reviewer with disagreements resolved by consultation with a third team member. Additionally, authors were contacted when further clarification was required.

Subgroup analyses/generalizability -- assessment of threats to external validity {#s4-6}
--------------------------------------------------------------------------------

*A priori* determined subgroup analyses were conducted to determine the effects of important factors on the estimated treatment effect. These analyses were performed to assess generalizability of results over varying experimental conditions. Subgroups were analysed for the following: animal model (e.g. mice, rat), gender, experimental model (e.g. cecal ligation and puncture, endotoxemia), source of MSC (e.g. autologous, xenogenic), route of MSC administration (e.g. intravenous, intraperitoneal), dose of MSC (less or greater than 1.0 × 10^6^ cells), frequency of MSC dose, timing of MSC administration (less than one hour, greater than 1 hr to less than or equal to 6 hr, greater than 6 hr, or multiple dosing), resuscitation used (e.g. fluid, antibiotics), and control group (phosphate buffered saline, fibroblasts, normal saline, medium, nothing administered). Given the number of analyses performed, the results were considered exploratory and hypothesis generating. Readers employing a similar analysis may consider adjusting the value of significance based on the number of comparisons (e.g. for 11 analyses p\<0.0045 would be considered significant).

Risk of bias -- assessment of threats to internal validity {#s4-7}
----------------------------------------------------------

Risk of bias was assessed independently in duplicate as high, low, or unclear for the six domains of bias identified by the Cochrane Risk of Bias tool ([@bib21]). Domains include: (1) sequence generation, (2) allocation concealment, (3) blinding of participants and personnel, (4) blinding of outcome assessors, (5) incomplete outcome data, and (6) selective outcome reporting; operational definitions can be found in the legend for [Table 2](#tbl2){ref-type="table"}. Any disagreements were resolved through consultation with a senior member of the team. Other domains of risk of bias assessed were (1) source of funding, (2) conflict of interest, and (3) sample size calculations. Following reviewers' suggestions we also included the SYRCLE Risk of Bias Tool, an alternative method of assessing risk of bias in preclinical animal studies ([@bib23]). This tool is largely based on the Cochrane Risk of Bias Tool and includes several additional domains: (1) similarity of groups or adjustment for confounders at baseline, (2) random housing of animals, (3) animal selection at random for outcome assessment. The last domain was not evaluated given the outcome being assessed was death, and it was unclear for most studies whether true death or surrogate measures were being evaluated.

Assessment of threats to construct validity {#s4-8}
-------------------------------------------

In preclinical studies construct validity refers to the extent an animal model corresponds to the clinical entity it is intended to represent ([@bib20]). We used a previously published framework to evaluate construct validity of the included studies ([@bib34]). Items evaluated in each study included: (1) use of a large animal model (e.g. pig, dog, sheep), (2) use of adult animals, (3) presence of co-morbid diseases, (4) use of an infectious model of sepsis, (5) documentation of severity of illness prior to initiating therapy, (6) follow-up duration ≥24 hr, (7) use of antibiotics, and (8) use of intravenous fluid resuscitation. Each item was assessed independently by two reviewers and assessed as either a 'yes' or a 'no'. Disagreements were resolved by consultation with a third team-member.

Statistical analysis {#s4-9}
--------------------

Statistical analysis was performed in consultation with a statistician experienced in systematic reviews and meta-analysis. Readers seeking to replicate these methods for their own purposes are encouraged to similarly seek advice from an experienced statistician. Data from studies were pooled using meta-analysis that was performed with random effects modeling employing the DerSimonian and Laird random effects method (Comprehensive Meta-Analysis 2.0, Englewood, USA). Outcomes are expressed as odds ratios and 95% confidence intervals. There were completely independent control groups for the studies with more than one experiment extracted (i.e. a control group was not shared between two experimental groups). Thus, no correction for the number of control animals was required for multiple comparisons within a single meta-analysis. Heterogeneity of effect sizes in the overall effect estimates was assessed using the *I^2^* statistic. The following are suggested thresholds to interpret the *I^2^* statistic: 0--40% may not be important, 30--60% moderate heterogeneity, 50--90% substantial heterogeneity, 75--100% considerable heterogeneity ([@bib21]).

Presence of publication bias was assessed using a funnel plot (visually) and Egger regression test (statistically). The funnel plot is a scatterplot of the intervention effect of individual studies plotted against a measure of its precision or size. The characteristic 'inverted funnel' shape arises from the fact that precision of the effect estimate increases as the as the study size increases (i.e. small studies will scatter more widely at the bottom of the funnel). A funnel plot would normally be expected to symmetrical, however the absence of symmetry can suggest publication bias ([@bib64]). Duval and Tweedie's trim and fill estimates were generated to estimate the number of missing studies and to estimate the adjusted effect size assuming the studies were present.
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Ovid MEDLINE(R) In-Process and Other Non-Indexed Citations and Ovid MEDLINE(R) Search Strategy: {#s21}
===============================================================================================

1 exp Mesenchymal Stem Cells/

2 exp Mesenchymal Stem Cell Transplantation/

3 exp Multipotent Stem Cells/

4 exp Mesenchymal Stromal Cells/

5 ((mesenchymal adj3 (stem or stroma\$one or progenitor\*)) and cell\$1).tw.

6 (MSC or MSCs or ADMSC or ADMSCs or BM-MSC or BM-MSCs or BMD-MSC or BMD-MSCs or BMDMSC or BMDMSCs).tw.

7 ((multipotent or multi-potent) adj3 (stroma\$one cell\$one or stem cell\$1)).tw.

8 marrow stroma\$one cell\$1.tw.

9 (colony-forming unit fibroblast\* or CFU-F\$1).tw.

10 exp Mesoderm/cy \[Cytology\]

11 or/1--10

12 Stem Cell Transplantation/

13 exp Gene Therapy/

14 Mesenchymal.tw.

15 (12 or 13) and 14

16 11 or 15

17 exp Sepsis/

18 exp Bacteremia/

19 (sepsis\* or septic\* or pyaemi\* or pyemi\* or pyohemi\*).tw.

20 shock.tw.

21 (fungemi\* or fungaemi\*or bacteremi\* or bacteraemi\* or endotoxemi\* or endo-toxemi\* or endotoxaemi\* or endo-toxaemi\*).tw.

22 (blood adj1 poison\*).tw.

23 ((live or viable or blood or bloodstream\* or clot or clots) adj3 bacter\*).tw.

24 (Cecum/ or Colon,Ascending/) and ((in or su).fs. or Punctures/ or Ligation/)

25 ((Cecum or coecum or caecum or cecal or coecal or caecal) adj3 (perforat\* or ligat\* or punctur\* or injur\*)).tw.

26 (Colon adj1 ascend\* adj3 (perforat\* or ligat\* or punctur\* or injur\*)).tw.

27 ((hepatic flexure or hepatic flexture) adj3 (perforat\* or ligat\* or punctur\* or injur\*)).tw.

28 ((right colic flexure or right colic flexture) adj3 (perforat\* or ligat\* or punctur\* or injur\*)).tw.

29 (proximal colon adj3 (perforat\* or ligat\* or punctur\* or injur\*)).tw.

30 colon ascendens stent peritonitis.tw.

31 (CLP or SL-CLP or CASP).tw.

32 exp systemic inflammatory response syndrome/

33 (\"systemic inflammatory response\" or \"inflammatory response syndrome\" or SIRS).tw.

34 exp lipopolysaccharides/

35 (lipopolysaccharide\* or lipo-polysaccharide\* or LPS or lipoglycan\*).tw.

36 exp Peritonitis/

37 peritonitis.tw.

38 (exp Infection/ or exp Bacterial Infections/ or exp Inflammation/) and pp.fs.

39 exp Endotoxins/

40 (endotoxin\* or ETX).tw.

41 or/17--40

42 exp animal experimentation/ or exp models, animal/ or exp animals/ or mammals/ or vertebrates/ or exp fishes/ or exp amphibia/ or exp reptiles/ or exp birds/ or exp hyraxes/ or exp marsupialia/ or exp monotremata/ or exp scandentia/ or exp chiroptera/ or exp carnivora/ or exp cetacea/ or exp Xenarthra/ or exp elephants/ or exp insectivora/ or exp lagomorpha/ or exp rodentia/ or exp sirenia/ or exp Perissodactyla/ or primates/ or exp strepsirhini/ or haplorhini/ or exp tarsii/ or exp platyrrhini/ or catarrhini/ or exp cercopithecidae/ or gorilla gorilla/ or pan paniscus/ or pan troglodytes/ or exp pongo/ or exp hylobatidae/ or hominidae/ (20563742) 43 (bombina or salientia or toad or toads or \"epidalea calamita\" or salamander or salamanders or eel or eels or fish or fishes or pisces or catfish or catfishes or siluriformes or arius or heteropneustes or sheatfish or perch or perches or percidae or perca or trout or trouts or char or chars or salvelinus or \"fathead minnow\" or minnow or cyprinidae or carps or carp or zebrafish or zebrafishes or goldfish or goldfishes or guppy or guppies or chub or chubs or tinca or barbels or barbus or pimephales or promelas or \"poecilia reticulata\" or mullet or mullets or seahorse or seahorses or mugil curema or atlantic cod or shark or sharks or catshark or anguilla or salmonid or salmonids or whitefish or whitefishes or salmon or salmons or sole or solea or \"sea lamprey\" or lamprey or lampreys or pumpkinseed or sunfish or sunfishes or tilapia or tilapias or turbot or turbots or flatfish or flatfishes or sciuridae or squirrel or squirrels or chipmunk or chipmunks or suslik or susliks or vole or voles or lemming or lemmings or muskrat or muskrats or lemmus or otter or otters or marten or martens or martes or weasel or badger or badgers or ermine or mink or minks or sable or sables or gulo or gulos or wolverine or wolverines or minks or mustela or llama or llamas or alpaca or alpacas or camelid or camelids or guanaco or guanacos or chiroptera or chiropteras or bat or bats or fox or foxes or iguana or iguanas or xenopus laevis or parakeet or parakeets or parrot or parrots or donkey or donkeys or mule or mules or zebra or zebras or shrew or shrews or bison or bisons or buffalo or buffaloes or deer or deers or bear or bears or panda or pandas or \"wild hog\" or \"wild boar\" or fitchew or fitch or beaver or beavers or jerboa or jerboas or capybara or capybaras).tw.44 exp Drug Evaluation, Preclinical/

45 (preclinic\* or pre-clinic\*).tw.

46 or/42--45

47 16 and 41 and 46

\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*

Embase Classic+Embase Search Strategy {#s22}
=====================================

\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\--

1 exp mesenchymal stem cell/

2 exp mesenchymal stem cell transplantation/

3 exp multipotent stem cell/

4 exp mesenchymal stroma cell/

5 ((mesenchymal adj3 (stem or stroma\$one or progenitor\*)) and cell\$1).tw.

6 (MSC or MSCs or ADMSC or ADMSCs or BM-MSC or BM-MSCs or BMD-MSC or BMD-MSCs or BMDMSC or BMDMSCs).tw.

7 ((multipotent or multi-potent) adj3 (stroma\$one cell\$one or stem cell\$1)).tw.

8 marrow stroma\$one cell\$1.tw.

9 (colony-forming unit fibroblast\* or CFU-F\$1).tw.

10 exp mesoderm/

11 (cell or cytolog\*).tw.

12 10 and 11

13 or/1--9,12

14 exp stem cell transplantation/

15 exp gene therapy/

16 Mesenchymal.tw.

17 (14 or 15) and 16

18 13 or 17

19 exp sepsis/

20 (sepsis\* or septic\* or pyaemi\* or pyemi\* or pyohemi\*).tw.

21 shock.tw.

22 (fungemi\* or fungaemi\*or bacteremi\* or bacteraemi\* or endotoxemi\* or endo-toxemi\* or endotoxaemi\* or endo-toxaemi\*).tw.

23 (blood adj1 poison\*).tw.

24 ((live or viable or blood or bloodstream\* or clot or clots) adj3 bacter\*).tw.

25 (exp cecum/ or exp ascending colon/) and (exp ligation/ or exp puncture/)

26 ((Cecum or coecum or caecum or cecal or coecal or caecal) adj3 (perforat\* or ligat\* or punctur\* or injur\*)).tw.

27 (colon adj1 ascend\* adj3 (perforat\* or ligat\* or punctur\* or injur\*)).tw.

28 ((hepatic flexure or hepatic flexture) adj3 (perforat\* or ligat\* or punctur\* or injur\*)).tw.

29 ((right colic flexure or right colic flexture) adj3 (perforat\* or ligat\* or punctur\* or injur\*)).tw.

30 (proximal colon adj3 (perforat\* or ligat\* or punctur\* or injur\*)).tw.

31 colon ascendens stent peritonitis.tw.

32 (CLP or SL-CLP or CASP).tw.

33 exp systemic inflammatory response syndrome/

34 (\"systemic inflammatory response\" or \"inflammatory response syndrome\" or SIRS).tw.

35 exp lipopolysaccharide/ (74366)

36 (lipopolysaccharide\* or lipo-polysaccharide\* or LPS or lipoglycan\*).tw.

37 exp peritonitis/

38 peritonitis.tw.

39 (exp Infection/ or exp bacterial infection/ or exp inflammation/) and exp pathophysiology/

40 exp endotoxin/

41 (endotoxin\* or ETX).tw.

42 or/19--41

43 exp animal experiment/ or exp animal model/ or exp experimental animal/ or exp transgenic animal/ or exp male animal/ or exp female animal/ or exp juvenile animal/ or animal/ or chordata/ or vertebrate/ or tetrapod/ or exp fish/ or amniote/ or exp amphibia/ or mammal/ or exp reptile/ or exp sauropsid/ or therian/ or exp monotremate/ or placental mammals/ or exp marsupial/ or Euarchontoglires/ or exp Afrotheria/ or exp Boreoeutheria/ or exp Laurasiatheria/ or exp Xenarthra/ or primate/ or exp Dermoptera/ or exp Glires/ or exp Scandentia/ or Haplorhini/ or exp prosimian/ or simian/ or exp tarsiiform/ or Catarrhini/ or exp Platyrrhini/ or ape/ or exp Cercopithecidae/ or hominid/ or exp hylobatidae/ or exp chimpanzee/ or exp gorilla/ or exp orang utan/44 (animal or animals or pisces or fish or fishes or catfish or catfishes or sheatfish or silurus or arius or heteropneustes or clarias or gariepinus or fathead minnow or fathead minnows or pimephales or promelas or cichlidae or trout or trouts or char or chars or salvelinus or salmo or oncorhynchus or guppy or guppies or millionfish or poecilia or goldfish or goldfishes or carassius or auratus or mullet or mullets or mugil or curema or shark or sharks or cod or cods or gadus or morhua or carp or carps or cyprinus or carpio or killifish or eel or eels or anguilla or zander or sander or lucioperca or stizostedion or turbot or turbots or psetta or flatfish or flatfishes or plaice or pleuronectes or platessa or tilapia or tilapias or oreochromis or sarotherodon or common sole or dover sole or solea or zebrafish or zebrafishes or danio or rerio or seabass or dicentrarchus or labrax or morone or lamprey or lampreys or petromyzon or pumpkinseed or pumpkinseeds or lepomis or gibbosus or herring or clupea or harengus or amphibia or amphibian or amphibians or anura or salientia or frog or frogs or rana or toad or toads or bufo or xenopus or laevis or bombina or epidalea or calamita or salamander or salamanders or newt or newts or triturus or reptilia or reptile or reptiles or bearded dragon or pogona or vitticeps or iguana or iguanas or lizard or lizards or anguis fragilis or turtle or turtles or snakes or snake or aves or bird or birds or quail or quails or coturnix or bobwhite or colinus or virginianus or poultry or poultries or fowl or fowls or chicken or chickens or gallus or zebra finch or taeniopygia or guttata or canary or canaries or serinus or canaria or parakeet or parakeets or grasskeet or parrot or parrots or psittacine or psittacines or shelduck or tadorna or goose or geese or branta or leucopsis or woodlark or lullula or flycatcher or ficedula or hypoleuca or dove or doves or geopelia or cuneata or duck or ducks or greylag or graylag or anser or harrier or circus pygargus or red knot or great knot or calidris or canutus or godwit or limosa or lapponica or meleagris or gallopavo or jackdaw or corvus or monedula or ruff or philomachus or pugnax or lapwing or peewit or plover or vanellus or swan or cygnus or columbianus or bewickii or gull or chroicocephalus or ridibundus or albifrons or great tit or parus or aythya or fuligula or streptopelia or risoria or spoonbill or platalea or leucorodia or blackbird or turdus or merula or blue tit or cyanistes or pigeon or pigeons or columba or pintail or anas or starling or sturnus or owl or athene noctua or pochard or ferina or cockatiel or nymphicus or hollandicus or skylark or alauda or tern or sterna or teal or crecca or oystercatcher or haematopus or ostralegus or shrew or shrews or sorex or araneus or crocidura or russula or european mole or talpa or chiroptera or bat or bats or eptesicus or serotinus or myotis or dasycneme or daubentonii or pipistrelle or pipistrellus or cat or cats or felis or catus or feline or dog or dogs or canis or canine or canines or otter or otters or lutra or badger or badgers or meles or fitchew or fitch or foumart or foulmart or ferrets or ferret or polecat or polecats or mustela or putorius or weasel or weasels or fox or foxes or vulpes or common seal or phoca or vitulina or grey seal or halichoerus or horse or horses or equus or equine or equidae or donkey or donkeys or mule or mules or pig or pigs or swine or swines or hog or hogs or boar or boars or porcine or piglet or piglets or sus or scrofa or llama or llamas or lama or glama or deer or deers or cervus or elaphus or cow or cows or bos taurus or bos indicus or bovine or bull or bulls or cattle or bison or bisons or sheep or sheeps or ovis aries or ovine or lamb or lambs or mouflon or mouflons or goat or goats or capra or caprine or chamois or rupicapra or leporidae or lagomorpha or lagomorph or rabbit or rabbits or oryctolagus or cuniculus or laprine or hares or lepus or rodentia or rodent or rodents or murinae or mouse or mice or mus or musculus or murine or woodmouse or apodemus or rat or rats or rattus or norvegicus or guinea pig or guinea pigs or cavia or porcellus or hamster or hamsters or mesocricetus or cricetulus or cricetus or gerbil or gerbils or jird or jirds or meriones or unguiculatus or jerboa or jerboas or jaculus or chinchilla or chinchillas or beaver or beavers or castor fiber or castor canadensis or sciuridae or squirrel or squirrels or sciurus or chipmunk or chipmunks or marmot or marmots or marmota or suslik or susliks or spermophilus or cynomys or cottonrat or cottonrats or sigmodon or vole or voles or microtus or myodes or glareolus or primate or primates or prosimian or prosimians or lemur or lemurs or lemuridae or loris or bush baby or bush babies or bushbaby or bushbabies or galago or galagos or anthropoidea or anthropoids or simian or simians or monkey or monkeys or marmoset or marmosets or callithrix or cebuella or tamarin or tamarins or saguinus or leontopithecus or squirrel monkey or squirrel monkeys or saimiri or night monkey or night monkeys or owl monkey or owl monkeys or douroucoulis or aotus or spider monkey or spider monkeys or ateles or baboon or baboons or papio or rhesus monkey or macaque or macaca or mulatta or cynomolgus or fascicularis or green monkey or green monkeys or chlorocebus or vervet or vervets or pygerythrus or hominoidea or ape or apes or hylobatidae or gibbon or gibbons or siamang or siamangs or nomascus or symphalangus or hominidae or orangutan or orangutans or pongo or chimpanzee or chimpanzees or pan troglodytes or bonobo or bonobos or pan paniscus or gorilla or gorillas or troglodytes).ti,ab. 45 (preclinical\* or pre-clinical\*).tw.

46 or/43--45

47 18 and 42 and 46

\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*

BIOSIS Previews {#s23}
===============

\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\--

\#1 Topic=(Mesenchymal Stem Cells) OR Topic=(Mesenchymal Stem Cell Transplantation) OR Topic=(Multipotent Stem Cells) OR Topic=(Mesenchymal Stromal Cells)

\#2 Topic=(((mesenchymal NEAR/3 (stem or stroma\$ or progenitor\*))))

\#3 Topic=((multipotent NEAR/3 (stroma\$ or stem)))

\#4 Topic=((multi-potent NEAR/3 (stroma\$ or stem)))

\#5 Topic=((MSC or MSCs or ADMSC or ADMSCs or BM-MSC or BM-MSCs or BMD-MSC or BMD-MSCs or BMDMSC or BMDMSCs))

\#6Topic=(((marrow stroma cell or marrow stromal cell or marrow stroma cells or marrow stromal cells)))

\#7 Topic=((colony-forming unit fibroblast\* or CFU-F or CFU-Fs))

\#8 Topic=((mesoderm and cytolog\*))

\#9 \#8 OR \#7 OR \#6 OR \#5 OR \#4 OR \#3 OR \#2 OR \#1

\#10 Topic=((Stem Cell Transplantation OR Gene Therapy)) AND Topic=(Mesenchymal)

\#11 \#10 OR \#9

\#12 Topic=(Sepsis) OR Topic=(Bacteremia) OR Topic=((sepsis\* or septic\* or pyaemi\* or pyemi\* or pyohemi\*))

\#13 Topic=(shock) OR Topic=((fungemi\* or fungaemi\*or bacteremi\* or bacteraemi\* or endotoxemi\* or endo-toxemi\* or endotoxaemi\* or endo-toxaemi\*)) OR Topic=((blood NEAR/1 poison\*))

\#14 Topic=(((live or viable or blood or bloodstream\* or clot or clots) NEAR/3 bacter\*))

\#15 Topic=(((Cecum or coecum or caecum or cecal or coecal or caecal) NEAR/3 (perforat\* or ligat\* or punctur\* or injur\*)))

\#16 Topic=(((colon NEAR/1 ascend\*) NEAR/3 (perforat\* or ligat\* or punctur\* or injur\*)))

\#17 Topic=(\"hepatic flexture\" NEAR/3 (perforat\* or ligat\* or punctur\* or injur\*)) OR Topic=(\"hepatic flexure\" NEAR/3 (perforat\* or ligat\* or punctur\* or injur\*))

\#18 Topic=(\"right colic flexure\" NEAR/3 (perforat\* or ligat\* or punctur\* or injur\*)) OR Topic=(\"right colic flexture\" NEAR/3 (perforat\* or ligat\* or punctur\* or injur\*))

\#19 Topic=(\"proximal colon\" NEAR/3 (perforat\* or ligat\* or punctur\* or injur\*))

\#20 Topic=(colon ascendens stent peritonitis)

\#21 Topic=((CLP or SL-CLP or CASP))

\#22 Topic=(systemic inflammatory response syndrome) OR Topic=((\"systemic inflammatory response\" or \"inflammatory response syndrome\" or SIRS))

\#23 Topic=(lipopolysaccharide) OR Topic=((lipopolysaccharide\* or lipo-polysaccharide\* or LPS or lipoglycan\*))

\#24 Topic=(peritonitis)

\#25 Topic=(Infection\* or inflammation\*) AND Topic=(pathophysiology)

\#26 Topic=((endotoxin\* or ETX))

\#27 \#26 OR \#25 OR \#24 OR \#23 OR \#22 OR \#21 OR \#20 OR \#19 OR \#18 OR \#17 OR \#16 OR \#15 OR \#14 OR \#13 OR \#12

\#28 \#27 AND \#11

\#29 Topic=(((animal\$ or chordata or vertebrate\* or fish or fishes or amphibian\* or amphibium\* or reptile\$ or bird\$ or mammal\* or dog or dogs or canine\$ or cat or cats or hyrax\* or marsupial\* or monotrem\* or scandentia or bat or bats or carnivor\* or cetacea or edentata\* or elephant\* or insect or insects or insectivore or lagomorph\* or rodent\* or mouse or mice or murine or murinae or muridae or rat or rats or pig or pigs or piglet\$ or swine or rabbit\$ or sheep\$ or goat\$ or horse\$ or equus or cow or cows or cattle or calf or calves or bovine or sirenia or ungulate\$ or primate\$ or prosimian\* or haplorhini\* or tarsiiform\* or simian\*or platyrrhini or catarrhini or cercopithecidae or ape or apes or hylobatidae or hominid\* or chimpanzee\* or gorilla\* or orangutan\* or monkey or monkeys or ape or apes)))

\#30 Topic=(((preclinic\* or pre-clinic\*)))

\#31 \#30 OR \#29

\#32 \#31 AND \#28

\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*

Web Of Science {#s24}
==============

\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\--

\#1 Topic=(Mesenchymal Stem Cells) OR Topic=(Mesenchymal Stem Cell Transplantation) OR Topic=(Multipotent Stem Cells) OR Topic=(Mesenchymal Stromal Cells)

\#2 Topic=(((mesenchymal NEAR/3 (stem or stroma\$ or progenitor\*))))

\#3 Topic=((multipotent NEAR/3 (stroma\$ or stem)))

\#4 Topic=((multi-potent NEAR/3 (stroma\$ or stem)))

\#5 Topic=((MSC or MSCs or ADMSC or ADMSCs or BM-MSC or BM-MSCs or BMD-MSC or BMD-MSCs or BMDMSC or BMDMSCs))

\#6Topic=(((marrow stroma cell or marrow stromal cell or marrow stroma cells or marrow stromal cells)))

\#7 Topic=((colony-forming unit fibroblast\* or CFU-F or CFU-Fs))

\#8 Topic=((mesoderm and cytolog\*))

\#9 \#8 OR \#7 OR \#6 OR \#5 OR \#4 OR \#3 OR \#2 OR \#1

\#10 Topic=((Stem Cell Transplantation OR Gene Therapy)) AND Topic=(Mesenchymal)

\#11 \#10 OR \#9

\#12 Topic=(Sepsis) OR Topic=(Bacteremia) OR Topic=((sepsis\* or septic\* or pyaemi\* or pyemi\* or pyohemi\*))

\#13 Topic=(shock) OR Topic=((fungemi\* or fungaemi\*or bacteremi\* or bacteraemi\* or endotoxemi\* or endo-toxemi\* or endotoxaemi\* or endo-toxaemi\*)) OR Topic=((blood NEAR/1 poison\*))

\#14 Topic=(((live or viable or blood or bloodstream\* or clot or clots) NEAR/3 bacter\*))

\#15 Topic=(((Cecum or coecum or caecum or cecal or coecal or caecal) NEAR/3 (perforat\* or ligat\* or punctur\* or injur\*)))

\#16 Topic=(((colon NEAR/1 ascend\*) NEAR/3 (perforat\* or ligat\* or punctur\* or injur\*)))

\#17 Topic=(\"hepatic flexture\" NEAR/3 (perforat\* or ligat\* or punctur\* or injur\*)) OR Topic=(\"hepatic flexure\" NEAR/3 (perforat\* or ligat\* or punctur\* or injur\*))

\#18 Topic=(\"right colic flexure\" NEAR/3 (perforat\* or ligat\* or punctur\* or injur\*)) OR Topic=(\"right colic flexture\" NEAR/3 (perforat\* or ligat\* or punctur\* or injur\*))

\#19 Topic=(\"proximal colon\" NEAR/3 (perforat\* or ligat\* or punctur\* or injur\*))

\#20 Topic=(colon ascendens stent peritonitis)

\#21 Topic=((CLP or SL-CLP or CASP))

\#22 Topic=(systemic inflammatory response syndrome) OR Topic=((\"systemic inflammatory response\" or \"inflammatory response syndrome\" or SIRS))

\#23 Topic=(lipopolysaccharide) OR Topic=((lipopolysaccharide\* or lipo-polysaccharide\* or LPS or lipoglycan\*))

\#24 Topic=(peritonitis)

\#25 Topic=(Infection\* or inflammation\*) AND Topic=(pathophysiology)

\#26 Topic=((endotoxin\* or ETX))

\#27 \#26 OR \#25 OR \#24 OR \#23 OR \#22 OR \#21 OR \#20 OR \#19 OR \#18 OR \#17 OR \#16 OR \#15 OR \#14 OR \#13 OR \#12

\#28 \#27 AND \#11

\#29 Topic=(((animal\$ or chordata or vertebrate\* or fish or fishes or amphibian\* or amphibium\* or reptile\$ or bird\$ or mammal\* or dog or dogs or canine\$ or cat or cats or hyrax\* or marsupial\* or monotrem\* or scandentia or bat or bats or carnivor\* or cetacea or edentata\* or elephant\* or insect or insects or insectivore or lagomorph\* or rodent\* or mouse or mice or murine or murinae or muridae or rat or rats or pig or pigs or piglet\$ or swine or rabbit\$ or sheep\$ or goat\$ or horse\$ or equus or cow or cows or cattle or calf or calves or bovine or sirenia or ungulate\$ or primate\$ or prosimian\* or haplorhini\* or tarsiiform\* or simian\*or platyrrhini or catarrhini or cercopithecidae or ape or apes or hylobatidae or hominid\* or chimpanzee\* or gorilla\* or orangutan\* or monkey or monkeys or ape or apes)))

\#30 Topic=(((preclinic\* or pre-clinic\*)))

\#31 \#30 OR \#29

\#32 \#31 AND \#28

10.7554/eLife.17850.022

Decision letter

Teare

M Dawn

Reviewing editor

University of Sheffield

,

United Kingdom

In the interests of transparency, eLife includes the editorial decision letter and accompanying author responses. A lightly edited version of the letter sent to the authors after peer review is shown, indicating the most substantive concerns; minor comments are not usually included.

Thank you for submitting your article \"Evaluating mesenchymal stem cell therapy for sepsis with preclinical meta-analyses prior to a first-in-human trial\" for consideration by *eLife*. Your article has been reviewed by three peer reviewers, one of whom, M Dawn Teare (Reviewer \#1), is a member of our Board of Reviewing Editors and the evaluation has been overseen by Prabhat Jha as the Senior Editor. Another individual, Kim Wever (Reviewer \#2), involved in review of your submission has also agreed to reveal their identity.

The reviewers have discussed the reviews with one another and the Reviewing Editor has drafted this decision to help you prepare a revised submission.

Summary:

This is a timely paper that demonstrates how to formally bring evidence together using a systematic review in pre-clinical studies, a field where this practice is relatively uncommon. The authors hope this manuscript will serve as a blueprint for future analyses. The authors had a compelling reason to analyze the literature, as they are in the midst of a clinical trial to test the efficacy of mesenchymal stem cell therapy in sepsis. In this manuscript Lalu et al. propose a framework for a meta-analysis approach to evaluate the pre-clinical evidence for MSC therapeutic benefit in sepsis. The authors had a compelling reason to analyze the literature, as they are in the midst of a clinical trial to test the efficacy of mesenchymal stem cell therapy in sepsis. In this manuscript Lalu et al. propose a framework for a meta-analysis approach to evaluate the pre-clinical evidence for MSC therapeutic benefit in sepsis. Using 20 experiments from 18 papers, the authors conclude that MSC treatment of preclinical sepsis significantly reduced mortality, even when controlling for factors such as where MSCs were derived from, how many injections were given, the type of injection, as well as other factors. This manuscript also addresses the potential for publishing bias that may affect the validity of the conclusion. The reviewers agreed that with some revision the manuscript could serve as a valuable template for other to follow when quantifying and synthesizing the evidence distinct study reports.

Essential revisions:

1\) You conclude that the presented body of preclinical evidence has supported your decision to start a clinical trial. However, based on your quality assessment you also state that the quality of this body of evidence is at best unknown (with the possibility of studies being of low quality, and a risk of having many underpowered studies) and risks of several types of bias in the studies are either high or unclear. Furthermore, you find evidence for publication bias. All of these observations may lead to an overestimation of treatment efficacy. Furthermore, the effect seems to differ between species (and admin routes). Could you explain why, in spite of these shortcomings, you feel this evidence supports your decision to proceed to a clinical trial? Why is it appropriate to assume \'Unclear\' does not mean \'High risk\'? Have you considered performing a high-quality, confirmatory animal study instead? Can the authors offer some hypothetical alternative results of their systematic review that would have suggested alternative courses to a first-in-human study?

2\) The concerns over irreproducibility are well established and many strategies have been proposed to improve the situation. Using formal evidence synthesis is just one of them. In Ioannidis (2005) well cited article he demonstrated that the posterior probability of a statistically significant research result being true was a function of the type 1 and type 2 error but most importantly the prior probability of a true positive. He presents an enumerated example of a meta-analysis of inconclusive studies where there is very high risk of bias and in this scenario the positive predictive value following the meta-analysis may also be less than 50%. What would the authors suggest is a fair prior probability of a true positive based on their quality assessment of the 20 experiments. In some ways this links with point 1 above. Bearing in mind the quality of the research presented AND the 95% CI for the overall effect size what is the strength of the evidence in justifying the next step of the research. Maybe the authors could draw this aspect out in their discussion?

3\) The characteristics table indicates that some studies contain multiple comparisons between control and experimental groups. In such cases, which of the comparisons has/have been used in the meta-analysis? And if multiple comparisons with the same control group have been included in one meta-analysis, has the number of control animals been corrected for multiple comparisons?

4\) You indicate that you have used the animal search filters for Pubmed and Embase (de Vries et al., 2014 and Hooijmans et al., 2010), however based on the reported full search strategy it seems that the filters have been truncated or altered? If the list of search terms shown in the appendix is correct, I think you cannot reference the search filters in this way since they are incomplete. Also, if this is the case, I am curious as to why you chose not to use the complete filters?

5\) Could you please explain why studies using modified stem cells were excluded from this review? Aren\'t such stem cells clinically relevant?

6\) You state in the Discussion that MSCs reduce mortality over a range of time points. However, I feel this range is very narrow (3-4 days). Is this a clinically relevant range? Would you advise to perform more long-term experiments to strengthen the evidence for a long-lasting effect?

7\) I have a couple of questions regarding the analyses based on the dose of stem cells. The stem cell doses are presently given in number of cells. However, wouldn\'t the same exact number of cells represent a different dose when given to a rat versus a mouse? Would it be more meaningful to recalculate the doses to cells/kg body weight? I am concerned about this especially since you found no effect in rats, which in theory could be because they are receiving a 10x lower dose.

8\) In addition, what was the rationale for having the cut-off for cell dosage subgroups at 1\*10-6 cells? Is this cut-off somehow related to clinically relevant doses? I feel that the robustness of the findings for the subgroup analyses based on dose should be tested using sensitivity analyses, considering 1) recalculating to dose per kg bw and 2) varying the cut-off on which you base the two subgroups.

9\) Similarly, could you explain the rationale behind the strata chosen for timing of administration (\<1h versus 1-6h versus multiple dosing)?

10\) Could you explain why you chose to use the Cochrane risk of bias tool, rather than the SYRLCE risk of bias tool which was designed especially to assess risks of bias in preclinical animal studies?

11\) In the Introduction section, references Crossley et al., 2008; Hirst et al., 2014; Macleod et al., 2015 and Rooke et al., 2011 assessed reporting of measures to reduce bias, not the risk of bias itself. I suggest to reword this, or include references to articles that did assess bias (although as far as reviewer \#2 is aware, the largest SR assessing bias was my own, and \#2 was unable to take bias into account as a subgroup variable due to insufficient reporting).

12\) The text states in several places that Mantel Haenszel ORs are used, but the MH method is used to combine several strata specific or study ORs? It is not obvious why an MH OR is needed rather than a crude OR. The meta-analysis is done with a random effects model whereas the MH would be a fixed effects analysis?

13\) Pedrazza et al., 2014 -- this study shows the same number of deaths in treatment and control- how is it included in the meta-analysis?

14\) You are not the first to have used a pre-set list of questions to assess risk of bias and threats to validity and other systematic reviews using similar standards have also poor standards of reporting. Why do you think is it common practice for publications to lack sufficient details of sample size, randomisation and allocation? Is there poor general understanding or appreciation of why it is important to transparently report these details? This could be added to the Discussion.

15\) The authors demonstrated that intravenous administration of MSC showed efficacy but intraperitoneal injection did not, and BM or umbilical cord derived- MSC had a better effect than adipose tissue derived MSC. However, only one study (Chang et al. 2012) showed data in an opposite direction in [Figure 2---figure supplements 4](#fig2s4){ref-type="fig"} and [5](#fig2s5){ref-type="fig"}. Can the authors explain/discuss how the overall efficacy of MSC can be skewed by just a single outlier result?

16\) At the end of the Introduction it is stated that the study has been written in an explicatory manner so that researchers not familiar with systematic reviews may replicate the approach. The manuscript can be further improved to meet this goal by explaining concepts and including more suggestions for further reading. For example, the authors could more fully explain a funnel plot, used in [Figure 4](#fig4){ref-type="fig"}, as this type of analysis may not be known to the audience of \"preclinical and translational researchers not familiar with systematic review methodology.\" Similarly, what is an I2 statistic? What is the role of the PRISMA guidelines?

17\) The authors have clearly shown that there are many significant limitations to analyzing pre-clinical studies due to missing or unclear data. In order to guide future pre-clinical studies, the authors should attempt to provide a \"wish list\" of variables/data fields they would like to be accounted for in pre-clinical research going forward. This \"pre-clinical study blueprint\" would be useful in helping to standardize future research efforts so their results can be more easily and accurately aggregated and compared.

18\) In the assessment of threats to external validity/generalizability section, two studies were identified that gave multiple injections, one study showing benefit and the other study showing no benefit. Can this discrepancy be clarified by where the MSCs were derived from, as it states earlier that adipose tissue derived MSCs had no significant effect?

10.7554/eLife.17850.023

Author response

\[...\]

*Essential revisions:*

*1) You conclude that the presented body of preclinical evidence has supported your decision to start a clinical trial. However, based on your quality assessment you also state that the quality of this body of evidence is at best unknown (with the possibility of studies being of low quality, and a risk of having many underpowered studies) and risks of several types of bias in the studies are either high or unclear. Furthermore, you find evidence for publication bias. All of these observations may lead to an overestimation of treatment efficacy. Furthermore, the effect seems to differ between species (and admin routes). Could you explain why, in spite of these shortcomings, you feel this evidence supports your decision to proceed to a clinical trial? Why is it appropriate to assume \'Unclear\' does not mean \'High risk\'? Have you considered performing a high-quality, confirmatory animal study instead? Can the authors offer some hypothetical alternative results of their systematic review that would have suggested alternative courses to a first-in-human study?*

The decision to proceed to a clinical trial required concerted deliberation by our group, however it was supported by several lines of reasoning:

i\) After correcting for the overestimate of efficacy there remained a strong signal of efficacy. In addition, the upper border of the 95% confidence interval for the corrected pooled estimate of death was 0.52 with treatment, which still represents a very large treatment effect.

ii\) Our systematic review results are in sharp contrast to 'retrospective' preclinical systematic reviews in stroke and heart failure that demonstrated variable efficacy of agents that were ultimately demonstrated to have no effect in clinical trials.

iii\) Subsequent work that included members of our group demonstrated the multitude of pathways that MSCs act through in preclinical sepsis models (dos Santos, Am J Pathology 2012). Thus, there was a strong biological rationale for MSC therapy in sepsis.

Given the pooled analysis around preclinical mortality, along with our clinical safety SR previously conducted (Lalu et al. PLoS ONE 2012), we felt that a first-in-human study (conservatively designed around safety) was the next appropriate step. We felt this was an appropriate compromise between proceeding with a clinical trial on the basis of promising but imperfect animal data, versus waiting until animal data are refined/perfected but delaying the introduction of potentially effective treatment for years.

Ultimately, our decision was supported by regulators (Health Canada), our research ethics board, funding agencies (CIHR and others), and our stakeholders. Nonetheless, we agree with the reviewers that many possible pathways exist for bench-to-bedside translation. We have now discussed a high quality (low risk of bias) animal study following an SR (e.g. Kleikers et al. Sci Reports 2015) along with multicenter preclinical studies (Llovera 2015 Sci Trans Med) in our Discussion:

"Given the results of our review along with this biological plausibility, our group gained the support of regulatory agencies, ethics boards, and other stakeholders to proceed to a first-in-human clinical trial. \[...\] Ultimately, ongoing and future clinical evaluations will determine whether the therapeutic effects of MSCs will translate to the human patient population."

Why is it appropriate to assume \'Unclear\' does not mean \'High risk\'?

Based on our backgrounds in basic/preclinical science, we would agree with the reviewers' sentiment that "unclear" is almost certainly "high risk". However, we have opted to take a conservative approach, based on the Cochrane handbook recommendations, and label unreported/incompletely reported items as 'unclear'. This is an important point, however, so we have now addressed this in the Discussion:

"In our review, none of the included studies reported randomization or allocation concealment in a manner that could be considered at low risk of bias. Similarly, no studies reported appropriate a priori defined sample sizes. \[...\] This lack of reporting precluded an evaluation of their efforts and points to the need to improve the methodology used in preclinical investigations."

*2) The concerns over irreproducibility are well established and many strategies have been proposed to improve the situation. Using formal evidence synthesis is just one of them. In Ioannidis (2005) well cited article he demonstrated that the posterior probability of a statistically significant research result being true was a function of the type 1 and type 2 error but most importantly the prior probability of a true positive. He presents an enumerated example of a meta-analysis of inconclusive studies where there is very high risk of bias and in this scenario the positive predictive value following the meta-analysis may also be less than 50%. What would the authors suggest is a fair prior probability of a true positive based on their quality assessment of the 20 experiments. In some ways this links with point 1 above. Bearing in mind the quality of the research presented AND the 95% CI for the overall effect size what is the strength of the evidence in justifying the next step of the research. Maybe the authors could draw this aspect out in their Discussion?*

We thank the reviewer for this important comment that generated a great deal of discussion in our group. The issue of false research findings that is the topic of the Ioannidis paper from 2005 (PLoS Medicine) is a very important one and is the reason our group undertook a systematic review and not a narrative review, i.e. to summarize the 'totality' of the pre-clinical MSC sepsis comparative efficacy studies that examined death as an outcome measure. Based on the overall effect size and the upper border of the 95% confidence interval for the pooled estimate which still suggests a large effect on death (0.52), and the consistent effects of MSCs on death in the studies included in our review, we would argue that there is sufficient rationale and justification to move toward clinical evaluation.

We completely agree with Ioannidis's emphasis on considering bias and probabilities in the interpretation of research results and this paper certainly generated a large number of commentaries and further thoughts that followed its publication (<http://journals.plos.org/plosmedicine/article/comments?id=10.1371/journal.pmed.0020124>). One issue that was subsequently raised that we feel is relevant to our systematic review (and not addressed in sufficient detail by Ioannidis) is how replication of research results from independent research groups can impact the positive predictive value. In cases where there is substantial replication such as is the case in our systematic review, the positive predictive value increases significantly (Moonesinghe R PLoS Med 2007, <http://journals.plos.org/plosmedicine/article/authors?id=10.1371/journal.pmed.0040028>). In addition, Ioannidis's analysis does not consider biological rationale that, in the case of MSCs therapy for sepsis, we would argue is very strong.

Based on these helpful comments from the reviewers, we have now emphasized the value of replication of results in our Discussion:

"It has been suggested that individual study findings have low probability of being 'true' (Ioannidis, 2005), however by aggregating results of similar experiments the positive predictive value of a finding dramatically increases (Moonesinghe, Khoury and Janssens, 2007). Thus, the findings of this systematic review helped support our decision to initiate a Phase 1/2 trial to evaluate the safety of MSC therapy in human patients with septic shock (NCT02421484)."

*3) The characteristics table indicates that some studies contain multiple comparisons between control and experimental groups. In such cases, which of the comparisons has/have been used in the meta-analysis? And if multiple comparisons with the same control group have been included in one meta-analysis, has the number of control animals been corrected for multiple comparisons?*

Fortunately, there were completely independent control groups for the studies with more than one experiment extracted (Gonzalez-Rey 2009, Mei 2010). Thus, no correction for the number of control animals was required for multiple comparisons within a single meta-analysis. This point is now mentioned in the Methods:

"There were completely independent control groups for the studies with more than one experiment extracted (i.e. a control group was not shared between two experimental groups). Thus, no correction for the number of control animals was required for multiple comparisons within a single meta-analysis."

*4) You indicate that you have used the animal search filters for Pubmed and Embase (de Vries et al., 2014 and Hooijmans et al., 2010), however based on the reported full search strategy it seems that the filters have been truncated or altered? If the list of search terms shown in the appendix is correct, I think you cannot reference the search filters in this way since they are incomplete. Also, if this is the case, I am curious as to why you chose not to use the complete filters?*

We have clarified this issue with our information specialist and discovered this was an inadvertent truncation. We have re-run the search with the full filter in Pubmed and Embase, which retrieved an additional 22 citations, all which were excluded at the title/abstract level. This error has been documented in Methods, our updated PRISMA diagram, and our search strategy. We thank the reviewers for pointing out this important oversight.

Methods:

"Validated animal filters were applied to increase relevancy (Moher et al., 2009; Dominici et al., 2006); post-hoc, an inadvertent truncation was noted in the application of these filters, thus an updated search was performed to include the complete filters."

*5) Could you please explain why studies using modified stem cells were excluded from this review? Aren\'t such stem cells clinically relevant?*

We focused on unmodified cells as this was the most feasible intervention for our potential clinical trial. In order to use modified stem cells there are a number of extra ethical, regulatory, and safety issues that significantly increase complexity and decrease feasibility. Members of our team (DJS, SM) are aware of these issues as they are leading a modified cell therapy trial for myocardial infarction (e.g. <https://clinicaltrials.gov/ct2/show/NCT00936819>). In the future, as we and other groups gain clinical experience with modified cells in pre-clincial models, we hope to conduct a clinical trial to assess the safety and efficacy of these cells. A preclinical SR of modified stem cells would be conducted to support or refute progressing toward a clinical trial.

In order to further justify our inclusion and exclusion criteria we have now added the following to the Methods and Discussion sections:

Methods:

"Since our group was considering a clinical trial of unmodified MSCs, studies were excluded if the MSCs were differentiated, altered, or engineered to over or under express particular genes. Neonatal animal models were excluded, as were models of acute lung injury."

Discussion:

"The limitations of our review should be noted. First, we restricted our search to unmodified MSCs since our group was only considering a clinical trial of unmodified cells for sepsis. Although modified cells may be of clinical interest, there are a number of additional regulatory, ethical, and safety issues which significantly increase the complexity of clinical trials that employ these cells; this is an issue that members of our group have experienced first-hand (NCT00936819)."

*6) You state in the Discussion that MSCs reduce mortality over a range of time points. However, I feel this range is very narrow (3-4 days). Is this a clinically relevant range? Would you advise to perform more long-term experiments to strengthen the evidence for a long-lasting effect?*

Accurate correlations between mouse and human age are difficult, however the \~2 year life span of a mouse should be put in the perspective of an \~80 year life span of a human. From this lens, the 3-4 days in a rodent experiment is certainly in line with the most relevant outcome of sepsis measured in clinical trials (i.e. 90 day mortality). It should be also noted that deaths in these acute models occur early in our experience (i.e. \<72 hours), thus the time span evaluated captures the peak of severity for these models.

This has now been addressed in our Discussion:

"Our systematic review demonstrates that MSC therapy reduces the odds of death in preclinical animal sepsis models. This effect is maintained over a range of time periods (less than 2 days, between 2 to 4 days, and longer than 4 days). These early outcome windows capture the majority of deaths that occur in these acute models."

*7) I have a couple of questions regarding the analyses based on the dose of stem cells. The stem cell doses are presently given in number of cells. However, wouldn\'t the same exact number of cells represent a different dose when given to a rat versus a mouse? Would it be more meaningful to recalculate the doses to cells/kg body weight? I am concerned about this especially since you found no effect in rats, which in theory could be because they are receiving a 10x lower dose.*

*8) In addition, what was the rationale for having the cut-off for cell dosage subgroups at 1\*10-6 cells? Is this cut-off somehow related to clinically relevant doses? I feel that the robustness of the findings for the subgroup analyses based on dose should be tested using sensitivity analyses, considering 1) recalculating to dose per kg bw and 2) varying the cut-off on which you base the two subgroups.*

This is an interesting and very complex issue raised by the reviewers. Attempting to equate cell therapy doses in a per kilogram basis is likely incorrect, as the FDA and others have supported equivalence drug dosing based on body surface area (i.e. rather than weight; Raegan-Shaw FASEB 2008). As an example, based on these guidelines, 1 million cells in a mouse may be equivalent to 0.5 million cells in a rat.

Similarly, using body surface area, this dose of 1 million cells in a mouse would equate to approximately 3 million cells/kg in a human, which is in line with the highest dose used in our clinical trial.

Interestingly, the dose of \~1.0x106 cells per rodent has emerged as a widely used 'standard' dose for MSC experiments across a variety of disease states. We are unsure where this convention arose, however it would certainly be in line with doses used in human trials to date. Thus, largely based on content expertise, this was chosen a priori by our group as a cut-off for subgroup analyses.

We have addressed this issue now in the Discussion:

"There are a number of other issues of note that may impact the translation of MSC therapy to the clinical setting... Equivalence dosing of drugs between species is a complex issue and the FDA has endorsed conversion based on body surface area, rather than a dose per weight basis.(Seok et al., 2013) Applying this guidance, 1 million cells in a mouse may be equivalent to 0.5 million in a rat; similarly, this dose in a human would be roughly equivalent to 3 million cells/kg. These equivalencies should be interpreted cautiously given the differences between typical drug therapies and the cellular therapy evaluated in our review."

*9) Similarly, could you explain the rationale behind the strata chosen for timing of administration (\<1h versus 1-6h versus multiple dosing)?*

Our main purpose here was to differentiate those studies in which cell therapy was given prior to any overt symptoms of sepsis becoming apparent vs those studies in which cell therapy was given after symptoms were likely apparent. Based on our own experience with both endotoxemia and cecal-ligation puncture models, by 1 h some symptoms of sepsis are apparent. We acknowledge that this is a rather blunt/indirect instrument to judge disease severity at the time of therapy; however this is the best we could do in the absence of any papers reporting disease severity at the time MSCs were administered. This is now detailed in our Discussion:

"Third, the severity of disease in these animal models at the time of MSC administration is unclear. \[...\] A clearer reporting of disease severity at time of cell administration may allow a more precise analysis of when these cells are more (or less) efficacious."

*10) Could you explain why you chose to use the Cochrane risk of bias tool, rather than the SYRLCE risk of bias tool which was designed especially to assess risks of bias in preclinical animal studies?*

Elements such as blinding and randomization are addressed in both tools and have the clearest empirical evidence of affecting preclinical effect sizes. Nonetheless, we would be remiss to not introduce the SYRCLE tool to our intended audience. As such, we have now included a SYRCLE RoB elements in the Methods section and [Table 3](#tbl3){ref-type="table"}:

"Following reviewers' suggestions we also included the SYRCLE Risk of Bias Tool, an alternative method of assessing risk of bias in preclinical animal studies (de Vries et al., 2014). This tool is largely based on the Cochrane tool and includes several additional domains, including 1) similarity of groups or adjustment for confounders at baseline, 2) random housing of animals, 3) animal selection at random for outcome assessment."

*11) In the Introduction section, references Crossley et al., 2008; Hirst et al., 2014; Macleod et al., 2015 and Rooke et al., 2011 assessed reporting of measures to reduce bias, not the risk of bias itself. I suggest to reword this, or include references to articles that did assess bias (although as far as reviewer \#2 is aware, the largest SR assessing bias was my own, and \#2 was unable to take bias into account as a subgroup variable due to insufficient reporting).*

This has now been corrected:

"\[...\]Similarly, previous preclinical systematic reviews have demonstrated that failure to report threats to methodological quality (i.e. internal validity, risk of bias) and construct validity (i.e. extent a model corresponds to the human condition it is intended to represent (Henderson et al., 2013)) influence treatment effect sizes (Crossley et al., 2008; Hirst et al., 2014; Macleod et al., 2015, 2008; Rooke et al., 201119- 23)."

*12) The text states in several places that Mantel Haenszel ORs are used, but the MH method is used to combine several strata specific or study ORs? It is not obvious why an MH OR is needed rather than a crude OR. The meta-analysis is done with a random effects model whereas the MH would be a fixed effects analysis?*

This was the result of a misunderstanding between the first author and our statistical consultant (Ranjeeta Mallick, now listed in acknowledgements). As described in the Methods section and main figures, the meta-analysis was performed with OR and a random effects model. The Supplemental Figure legends (where MH was incorrectly mentioned) have now been corrected.

*13) Pedrazza et al., 2014 -- this study shows the same number of deaths in treatment and control- how is it included in the meta-analysis?*

As implied by the reviewers, this data could not be included in the meta-analysis. However, we wanted to display this important data in the total count of animals used in all experiments. We have now clarified this in the Figure legends:

"Data from Pedrazza et al. 2014 was included in total counts but not included in meta-analysis due to 100% mortality in both study arms."

*14) You are not the first to have used a pre-set list of questions to assess risk of bias and threats to validity and other systematic reviews using similar standards have also poor standards of reporting. Why do you think is it common practice for publications to lack sufficient details of sample size, randomisation and allocation? Is there poor general understanding or appreciation of why it is important to transparently report these details? This could be added to the Discussion.*

These are important questions that we have now addressed in the Discussion:

"\[...\]A fourth issue is the lack of transparent reporting of risk of bias elements that minimize the ability to evaluate threats to validity in our systematic review. We would suggest that general poor understanding of these core methodological issues may underlie their incomplete reporting. In order to increase the robustness and interpretation of future preclinical systematic review results we submit that authors of primary studies and journal editors should ensure adherence to published reporting guidelines for pre- clinical research studies (National Institutes of Health Principles and guidelines for reporting preclinical research. 2015,Kilkenny, et al., 2010)."

*15) The authors demonstrated that intravenous administration of MSC showed efficacy but intraperitoneal injection did not, and BM or umbilical cord derived- MSC had a better effect than adipose tissue derived MSC. However, only one study (Chang et al. 2012) showed data in an opposite direction in [Figure 2---figure supplements 4](#fig2s4){ref-type="fig"} and [5](#fig2s5){ref-type="fig"}. Can the authors explain/discuss how the overall efficacy of MSC can be skewed by just a single outlier result?*

This is an excellent point that we have now addressed in the Discussion:

"Overall, subgroup analyses suggested that MSC effects appeared to be robust over a number of varying experimental conditions and across a number of different laboratories. Results of specific subgroups (e.g. autologous cells, multiple doses, intraperitoneal administration, and adipose tissue source) should be interpreted cautiously as few studies were included in these groups, and the results of one study with differing results (Chang et al., 2012) may have skewed data. The ability of one study to heavily influence overall effect estimates is a short-coming of meta-analyses that include few studies."

*16) At the end of the Introduction it is stated that the study has been written in an explicatory manner so that researchers not familiar with systematic reviews may replicate the approach. The manuscript can be further improved to meet this goal by explaining concepts and including more suggestions for further reading. For example, the authors could more fully explain a funnel plot, used in [Figure 4](#fig4){ref-type="fig"}, as this type of analysis may not be known to the audience of \"preclinical and translational researchers not familiar with systematic review methodology.\" Similarly, what is an I2 statistic? What is the role of the PRISMA guidelines?*

These are excellent suggestions that we have now incorporated (largely in the methods section). We have also pointed readers to the methods section to find these details:

Introduction:

"This study has been written in an explicatory manner so that other preclinical and translational researchers not familiar with systematic review methodology may replicate our approach. Readers wishing to replicate our approach for their research agendas are directed to the methods section where explanations are provided in greater depth, and are encouraged to contact the authors for further guidance."

Methods:

"The methods section has been written completely and transparently for researchers unfamiliar with systematic review and meta-analysis methodology. We would encourage readers wishing to replicate our approach for their own research agendas to refer to available resources (Sena, 2014; Higgins and Green, 2009) and/or contact the authors for further guidance."

"The protocol for this review was published on the Collaborative Approach to Meta Analysis and Review of Animal Data from Experimental Studies (CAMARADES) website\[...\]A priori publication of our protocol encourages transparency in the systematic review process and safeguards against reporting biases in the review. This review is reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) Statement (Spees, Lee and Gregory, 2016). The PRISMA guidelines are an evidence-based minimum set of items that should be reported in a systematic review and meta-analysis. Similar to other reporting guidelines, PRISMA ensures complete and transparent reporting of a study."

"To identify all relevant studies, we designed a search strategy in collaboration with a medical information specialist. We would suggest to readers consult a medical librarian experienced in systematic searches if they wish to perform a literature search for a preclinical systematic review; this will ensure a comprehensive search is conducted."

"Statistical analysis was performed in consultation with a statistician experienced in systematic reviews and meta-analysis. Readers seeking to replicate these methods for their own purposes are encouraged to similarly seek advice from an experienced statistician.... Heterogeneity of effect sizes in the overall effect estimates was assessed using the I2 statistic. The following are suggested thresholds to interpret the I2 statistic: 0-40% may not be important, 30-60% moderate heterogeneity, 50-90% substantial heterogeneity, 75-100% considerable heterogeneity (Higgins and Green, 2009)."

"The funnel plot is a scatterplot of the intervention effect of individual studies versus a measure of its precision or size. The characteristic 'funnel' shape arises from the fact that precision of the effect estimate increases as the as the study size increases (i.e. small studies will scatter more widely at the bottom of the funnel). A funnel plot would normally be expected to symmetrical, however the absence of symmetry can suggest publication bias (Dominici, 2006). Duval and Tweedie's trim and fill estimates were generated to estimate the number of missing studies and to estimate the effect estimate assuming the studies were present."

*17) The authors have clearly shown that there are many significant limitations to analyzing pre-clinical studies due to missing or unclear data. In order to guide future pre-clinical studies, the authors should attempt to provide a \"wish list\" of variables/data fields they would like to be accounted for in pre-clinical research going forward. This \"pre-clinical study blueprint\" would be useful in helping to standardize future research efforts so their results can be more easily and accurately aggregated and compared.*

We began to construct a table (appended to this document), however we quickly realized that these concepts would speak to a different audience than we are targeting with the current paper. In the current work we are introducing systematic reviews to researchers who want to translate findings from bench-to- bedside; the table suggested by the reviewers would target basic scientists. The concepts introduced by this table require a great deal more explanation than we can offer in the current paper. We still agree with the underlying sentiment that the reviewers have raised -- i.e. more complete and transparent reporting is needed. We have now focused on this in the Discussion:

"In order to increase the robustness and interpretation of future preclinical systematic review results we submit that authors of primary studies and journal editors should ensure adherence to published reporting guidelines for pre-clinical research studies (National Institutes of Health Principles and guidelines for reporting preclinical research. 2015, Kilkenny et al., 2010). These guidelines not only detail items relating to risk of bias (e.g. randomization and blinding) but also touch on issues that are very important when primary studies are included in systematic reviews (e.g. differentiating between biological and technical replicates, providing exact n numbers)."

*18) In the assessment of threats to external validity/generalizability section, two studies were identified that gave multiple injections, one study showing benefit and the other study showing no benefit. Can this discrepancy be clarified by where the MSCs were derived from, as it states earlier that adipose tissue derived MSCs had no significant effect?*

The one study that demonstrated no effect (Chang 2012 et al) was the only one to use autologous cells (harvested from animals 14 days prior to inducing sepsis). This has little construct validity to the clinical setting of sepsis therapy (i.e. pre-identifying patients who will develop severe sepsis is largely impossible, and administration of autologous cells would require 1-2 weeks of expansion initially). There may have been other technical issues that contributed to non-efficacy in this particular study. Clearly, further studies need to be performed to examine the various experimental variables that may contribute to non-efficacy.

We believe the larger issue here is one that is raised by the reviewers above in question \#15 -- i.e. how one study can skew the results of a subgroup analysis (especially those subgroups that include only two studies). We have addressed this in the Discussion:

"Results of specific subgroups (e.g. autologous cells, multiple doses, intraperitoneal administration, and adipose tissue source) should be interpreted cautiously as few studies were included in these groups, and the results of one study with differing results (Chang et a., 2012) may have skewed data. The ability of one study to heavily influence overall effect estimates is a short-coming of meta-analyses that include few studies."

[^1]: **Legend**: \* = Time of delivery post-sepsis induction, ^+^ = Models also administered D-galactosamine, CLP = Cecal ligation and puncture, DMEM = Dulbecco\'s modified Eagle\'s medium, i.p. = Intraperitoneal, i.v. = Intravenous, LPS = Lipopolysaccharide, NR = Not reported, NOD SCID = NOD.Cg-*Prkdc^scid^ Il2rg^tm1Wjl^*/SzJ (immunodeficient), NS = Normal saline, PBS = Phosphate buffered saline, SEB = *Staphylococcal* enterotoxin B, SPD = Sprague-Dawley.

[^2]: **Legend:** H = High risk of bias, L = Low risk of bias, U = Unclear risk of bias.

[^3]: **Blinding of Outcome Assessment for Mortality**: Low risk = Outcome assessors were blinded to the study groups when assessing mortality through surrogate endpoints or animals were allowed to die. Unclear = Insufficient information to determine if outcome assessors were blinded during assessment or if animals were allowed to die. High Risk = Outcome assessors not blinded to the study groups and death was defined according to surrogate endpoints.

[^4]: **Incomplete Outcome Data**: Low risk = N values were consistent between methods and results for the mortality outcome. Unclear = N value was either not presented in the methods or in the results, and therefore there is insufficient information to permit judgement. High risk = N values were not consistent between methods and results for the mortality outcome.

[^5]: **Selective Reporting**: Low risk = The methods section indicated mortality as a pre-specified outcome measure. High risk = The mortality outcome was presented in the results but not pre-specified in the methods section.

[^6]: **Legend:** \* = Items modified from SYRCLE risk of bias tool, H = High risk of bias, L = Low risk of bias, U = Unclear risk of bias.

[^7]: **Baseline Characteristics:** Low risk = Baseline severity of disease equal between experimental groups, Unclear = Baseline severity of disease unreported, High risk = Baseline severity of disease unbalanced between experimental groups.

[^8]: **Random Housing:** Low risk = Animal cages were randomly placed within an animal room/facility, Unclear = Housing placement unreported, High risk = Animals place in non-random arrangement in animal room/facility.

[^9]: Other risk of bias was assessed according to source of funding, conflict of interest and pre-specified sample size calculations:.

[^10]: **Source of Funding**: Low risk = Non-industry source of funding (or no funding). Unclear = Funding source was not reported. High risk = Study was funded by industry.

[^11]: **Conflict of Interest**: Low risk = Authors reported on no conflict of interest. Unclear = Conflict of interest was not reported. High risk = Authors reported on potential conflict of interests.

[^12]: **Sample Size Calculation**: Low risk = Sample size calculations were correctly performed and followed. Unclear = Sample size calculations were not performed. High risk = Sample size calculations were incorrectly performed/followed.

[^13]: **Legend**: N = No, U = Unclear, Y = Yes. Letters following author and year (e.g. Mei 2010A) indicate that more than one independent experiment was conducted in the same publication.

[^14]: **Large Animal Model:** Yes = Sheep, pig, dog, monkey. No = Mouse, rat.

[^15]: **Adult Animal Model:** Yes = Rats ≥ 6 weeks old, mice ≥ 8 weeks old. No = Rats \< 6 weeks old, mice \< 8 weeks old. Unclear = No age stated.

[^16]: Comorbidities: Yes = e.g. Diabetes, obesity, immunodeficiency. No = No comorbidities.

[^17]: Infectious Model of Sepsis: Yes = Cecal-ligation and puncture, live bacterial administration. No = Bacterial product administration (e.g. lipopolysaccharide).

[^18]: Therapy Initiated After Sepsis Induction: Yes = Mesenchymal stromal cells administered after sepsis model induced. No = Mesenchymal stromal cells administered at the time of sepsis induction.

[^19]: Documented Sepsis Severity Prior to Initiating Treatment: Yes = Mesenchymal stromal cells administered after marker of severity (e.g. hypotension) measured. No = Mesenchymal stromal cells administered without a marker of severity being measured.

[^20]: Resuscitation Included Fluids: Yes = Fluid therapy (aside from vehicle for cell administration) administered. No = Only vehicle for cell administration or no fluids administered.
